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(54) Apparatus for reducing carbon monoxide concentration, apparatus for reducing nnethanol 
concentration, and fuel reformer utilizing tlie same 



(57) A fuel reformer (30) includes a reformer unit 
(32) for receiving supplies of methanol and water and 
producing a hydrogen-rich reformed gas and a partial 
oxidizing unit (34) filled with a platinum-ruthenium alloy 
catalyst for oxidizing carbon monoxide in the reformed 
gas produced by the reformer unit (32) preferentially 
over hydrogen in the reformed gas. The platinum-ruthe- 
nium alloy catalyst charged in the partial oxkiizing unit 
(34) lowers the concentration of carbon monoxide In the 



hydrogen-rich gas containing a trace amount of metiia- 
nol to several ppm in its active temperature range of 
80°C to 100*»C. This structure enables a gaseous fuel 
having extremely low concentrations of methanol and 
carbon monoxide to be produced by the fuel reformer 
(30) and supplied to polymer electrolyte fuel cells hav- 
ing an extremely low allowable limit of caibon monoxide 
concentration. 
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Description 

BACKGROUND OF THE INVENTION 

n^d of the Invention 

The present invention relates to an apparatus for 
reducing concentration of cart)on monoxide, an appara- 
tus for reducing concentration of methanol, and a fuel 
reformer utilizing these apparatuses. More specifically^ 
the present invention pertains to an apparatus for 
reducing concentration of carbon monoxide in a hydro- 
gen-rich gas, which contains hydrogen. cartx)n monox- 
ide, and methanol and has lower concentrations of 
cartx)n monoxide and methanol than concentration of 
hydrogen, as well as to an apparatus for reducing con- 
centration of methanol in a hydrogen-rich gas. which 
contains hydrogen and methanol and has lower concen- 
tration of methanol than concentration of hydrogen. The 
present invention also pertains to a fuel reformer for 
producing a hydrogen -containing gaseous fuel from 
methanol 

Description of the Related Art 

A known apparatus for reducing concentration of 
cartoon monoxide, for example, one disclosed in JAPA- 
NESE PATENT LAYING-OPEN GAZETTE No. 5- 
201702. includes a selective oxidizing unit filled with a 
rhodium and ruthenium-containing catalyst The appa- 
ratus leads oxygen as well as a hydrogen-rich gas con- 
taining a lower concentration of carbon monoxide than 
concentration of hydrogen into the selective oxidizing 
unit, and oxidizes carbon monoxide in the hydrogen-rich 
gas to lower the concentration of carbon monoxide. In 
this apparatus, the rhodium and ruthenium-containing 
catalyst charged In the selective oxidizing unit acceler- 
ates oxidation of carbon monoxide in the hydrogen-rich 
gas preferentially over hydrogen. 

The amount of oxygen introduced into the selective 
oxidizing unit is determined to be not less than a molar 
equivalent in order to minimize concentration of carbon 
monoxide in the hydrogen-rich gas, but to be within a 
predetermined range in order to prevent hydrogen from 
being subjected to combustion and wastefuliy con- 
sumed by excess oxygen. The molar equivalent is 
defined as tiie molar ratio of oxygen introduced into the 
selective oxidizing unit to carbon monoxide in the hydro- 
gen-rich gas [O2]/[CO]=0,5. 

The following gives the reason for reducing the con- 
centration of carbon monoxide in the hydrogen-rich gas. 
When tiie hydrogen-rich gas is supplied as a gaseous 
fuel, for example, to polymer electrolyte fuel cells or 
phosphate fuel cells for generating electric power 
through electrode reactions expressed as Equations (1) 
and (2) given below, carbon monoxide in the hydrogen- 
rich gaseous fuel is undesirably adsorbed to a platinum 
catalyst on the electrodes of the fuel cells. The 
adsorbed cartx>n monoxide lowers the activity of cata- 



lyst and interferes with the anode reaction, that is, 
decomposition of hydrogen, thereby deteriorating the 
performance of the fuel cells. The concentration of car- 
bon monoxide in the hydrogen-rich gas after the selec- 

5 tive oxidization reaction is not greater than an allowable 
limit of carbon monoxide concentration of the fuel cells, 
to which the hydrogen-rich gas is supplied. BY way of 
example, the allowable limit is several % or less for the 
phosphate fuel celts and several ppm or less for the pol- 

w ymer electrolyte fuel cells. 

Anode reaction : H2 2H* + 2e' (1 ) 
Cathode reaction: 2H* + 2e" + (1/2)02 -> H2O (2) 

15 

When tiie hydrogen-rich gas is contaminated with 
metiianol, however, the known apparatus, which prefer- 
entially oxidizes cartoon monoxide in the hydrogen-rich 
gas with the rhodium arxJ ruthenium-containing cata- 

20 lyst, can not sufficientiy reduce tiie concentration of car- 
bon monoxide. When the hydrogen-rich gas processed 
with such an apparatus is supplied as a gaseous fuel to 
polymer electrolyte fuel cells having an extremely low 
allowable limit of carbon monoxide concentration, the 

25 cark}on monoxide concentration in the hydrogen-rich 
gas often exceeds the allowable limit of the fuel cells. 
This causes the platinum catalyst on tiie electrodes of 
tiie fuel cells to be poisoned and undesirably deterio- 
rates the performance of the fuel cells. 

30 Reformers for reforming methanol are generally 
used to obtain a hydrogen-rich gas containing a lower 
concentration of carbon monoxide than concentration of 
hydrogen. Such reformers typically produce a hydrogen 
and carbon dioxide-containing hydrogen-rich reformed 

35 gas from methanol and water through reactions 
expressed as Equations (3) arxj (4) (total reaction 
expressed as Equation (5)). In the actual state, how- 
ever, the reactions of Equations (3) and (4) do not com- 
pletely proceed in the reformer. The reformed gas is 

40 accordingly contaminated with unreacted methanol and 
carbon monoxide as a by-product. 

CH3OH -> CO + 2H2 - 21 .7 kcal/mol (3) 

45 CO + H2O ^ CO2 + H2 <»• 9.8 kcal/mol (4) 

CH3OH + H2O ^ CO2 + 3H2 - 1 1 .9 kcal/mol (5) 

In a fuel reformer system where the reformer for 
50 reforming methanol and producing a hydrogen-rich gas 
is combined with the selective oxidizing unit filled with 
tiie rhodium and rutiienium-containing catalyst, metha- 
nol existing in the hydrogen-rich gas prevents the selec- 
tive oxkiizing unit from sufficientiy lowering the 
55 concentration of cartx>n monoxide in the hydrogen-rich 
gas. The hydrogen- rich gas produced by tiie selective 
oxidizing unit of such a fuel reformer system can thus 
not be supplied to hydrogen-consuming mechanisms 
having an extremely low allowable limit of carbon mon- 
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oxide concentration, such as polymer electrolyte fuel 
cells. 

When the reformed gas is supplied to the polymer 
electrolyte fuel cells, methanol included in the reformed 
gas permeates through the electrolyte merrd^rane and s 
moves from the anode to the cathode. The methanol 
reacts with oxygen on the cathode to decrease the cath- 
ode potential and is adsoriDed to the platinum catalyst, 
although the degree of adsorption of methanol is lower 
than that of cartoon monoxide. The adsorbed methanol 
towers the activity of catalyst and interferes with the 
decomposition of hydrogen, thereby deteriorating the 
performance of the fuel celts. This has been proved by 
the experimental data. 

SUMMARY OF THE INVENTION 

One object of the present invention is thus to pro- 
vide an apparatus for sufficiently reducing concentration 
of carbon monoxide in a hydrogen-rich gas containing 
carbon monoxide and methcmol. 

Another object of the present invention is to provide 
an apparatus for suffiderrtly reducing concentration of 
methanol In a methanol-oontaining hydrogen-rich gas. 

Still another object of the present Invention is to 
provide a fuel reformer system for sufficiently reducing 
concentrations of carbon monoxide and methanol in a 
reformed gas produced by reforming methanol. 

The above and the other related objects are real- 
ized at least partly by a first apparatus for reducing con- 
centration of carbon monoxide in a hydrogen-rich gas. 
which contains hydrogen, carbon monoxide, and meth- 
anol, wherein the carbon monoxide and methanol hav- 
ing lower concentrations the hydrogen, the apparatus 
comprising: oxidizing gas introduction means for intro- 
ducing an oxygen-containing oxidizing gas into the 
hydrogen-rich gas: and a preferential oxidizing unit con- 
taining a platinum-ruthenium alloy catalyst for accelerat- 
ing oxidation of the carbon monoxide in the hydrogen- 
rich gas by the oxidizing gas preferentially over oxida- 
tion of the hydrogen in the hydrogen-rich gas. 

In the first carbon monoxide concentration-reducing 
apparatus of the present invention, the preferential oxi- 
dizing unit filled with the platinum-ruthenium alloy cata- 
lyst can significantly lower the concentration of carbon 
monoxide in the methanol-oontaining hydrogen-rich 
gas. This structure enables the hydrogen-rich gas hav- 
ing extremely low concentration of caibon monoxide to 
be supplied to hydrogen-consuming mechanisms hav- 
ing an extremely low allowable limit of carbon monoxide 
concentration, such as polymer electrolyte fuel cells. 

In accordance with one aspect of the present inven- 
tion, the first carbon monoxide concentration-reducing 
apparatus furtiier includes: methanol concentration 
measuring means for measuring concentration of the 
methanol in the hydrogen-rich gas; cartx)n monoxide 
concentration measuring means for measuring concen- 
tration of the carbon monoxide In the hydrogen-rich gas; 
and oxidizing gas control means for controlling an 



amount of the oxidizing gas introduced into the hydro- 
gen-rich gas by the oxidizing gas introduction means, 
based on the concentration of the methanol in the 
hydrogen-rich gas measured by the methanol concen- 
tration measuring means and the concentration of the 
cartx>n monoxide In the hydrogen-rich gas measured by 
the carbon monoxide concentration measuring means. 
This structure allows an appropriate amount of oxidizing 
gas to be introduced into the hydrogen-rich gas. 

The present invention is also directed to a second 
apparatus for reducing concentration of cart>on monox- 
ide in a hydrogen-rich gas, which contains hydrogen, 
cartx>n nfK)noxide. and methanol, wherein the cart>on 
monoxide and methanol having lower concentrations 
the hydrogen, the apparatus comprising: oxidizing gas 
introduction means for introducing an oxygen-contain- 
ing oxidizing gas into the hydrogen-rich gas; and an oxi- 
dizing unit having an inlet and an outlet for the 
hydrogen-rich gas, and containing a methanol-oxidizing 
catalyst and a carbon monoxide-oxidizing catalyst, the 
methanol-oxidizing catalyst accelerating oxidation of the 
methanol in the hydrogen-rich gas by the oxidizing gas 
preferentially over oxidation of the hydrogen in the 
hydrogen-rich gas. the carbon monoxide-oxidizing cata- 
lyst accelerating oxidation of the cari3on monoxide in the 
hydrogen-rich gas by the oxidizing gas preferentially 
over hydrogen in the hydrogen-rich gas. 

In the second carbon monoxide concentration- 
reducing apparatus of the present invention, the oxidiz- 
ing unit filled with the methanol-oxidizing catalyst and 
the carit>on monoxide-oxidizing catalyst can significantly 
lower the concentrations of methanol and carbon mon- 
oxide in the methanol and carbon monoxide-containing 
hydrogen-rich gas. This structure enables the hydro- 
gen-rich gas having extremely low concentrations of 
methanol and cariDon monoxide to be supplied to hydro- 
gen-consuming mechanisms having an extremely low 
allowable limit of cartx>n monoxide concentration, such 
as polymer electrolyte fuel cells. 

In accordance with one aspect of the second car- 
bon monoxide concentration-reducing apparatus, the 
methanol-oxidizing catalyst and the carbon monoxide- 
oxidizing catalyst are homogeneously mixed in the oxi- 
dizing unit. A ratio of the methanol-oxidizing catalyst 
and the carbon monoxide-oxidizing catalyst is arranged 
in the oxidizing unit so that the ratio at proximity to the 
an inlet of the hydrogen-rich gas greater than a ratio of 
the methanol-oxidizing catalyst to the carbon monoxide- 
oxidizing catalyst at an outlet of the hydrogen-rich gas. 
Either of these structures may further include cooling 
means having a circulation path, through which a cool- 
ing medium flows from proximity to the outlet to proxim- 
ity to the inlet of the oxidizing unit, the cooling means 
cooling the oxidizing unit by the cooling medium. 

In accordance with still another aspect of the 
present invention, the second carbon monoxide con- 
centration-reducing apparatus further includes cooling 
means having a circulation path for a cooling medium, 
the cooling medium being circulated through the circula- 
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tion path to cool the oxidizing unit. In this structure, the 
ratio of the methanoi-oxidizing catalyst arKi the carbon 
monoxide-oxidizing catalyst are arranged in the oxidiz- 
ing unit 80 that the ratio at a place in the oxidizing unit 
near the circulation path is greater than that at another 
place apart from the circulation path. It is preferable that 
the circulation path of the cooling means enables the 
cooling medium to flow from proximity to the outlet of the 
oxidizing unit to proximity to the inlet of the the oxicfizing 
unit. 

In accordance with still another aspect of the sec- 
ond carbon monoxide concentration-reducing appara- 
tus, the oxidizing gas introduction means comprises a 
plurality of fluid inlets penetrating into the oxidizing unit 
for introducing the oxidizing gas into the oxidizing unit. 
In this structure, a ratio of the methanoi-oxidizing cata- 
lyst and the cart)on monoxide-oxidizing catalyst are 
arranged in the oxidizing unit so that the ratio at a place 
in the oxidizing unit near the plurality of fluid inlets is 
greater than that at another place apart from the plural- 
ity of fluid inlets. 

The second caitx>n monoxide concentration-reduc- 
ing apparatus may further include methanol concentra- 
tion measuring means for measuring concentration of 
the methanol In the hydrogen-rich gas: cartx)n monox- 
ide concentration measuring means for measuring con- 
centration of the carbon monoxide in the hydrogen-rich 
gas; and oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced into the hydro- 
gen-rich gas by the oxidizing gas introduction means, 
based on the concentration of the methanol in the 
hydrogen-rich gas measured by the methanol concen- 
tration measuring means and the concentration of the 
carbon monoxide in the hydrogen-rich gas measured by 
the carbon monoxide concentration measuring means. 
This structure allows an appropriate anrtount of oxidizing 
gas to be introduced into the hydrogen-rich gas. 

The present invention is also directed to an appara- 
tus for reducing concentration of methanol in a hydro- 
gen-rich gas, which contains hydrogen and methanol, 
wherein the methanol has lower concentration than the 
hydrogen, the apparatus comprising: oxidizing gas 
introduction means for introducing an oxygen-contain- 
ing oxidizing gas into the hydrogen-rich gas; and a pref- 
erential oxidizing unit containing a catalyst for 
acc^erating oxidation of the methanol in the hydrogen- 
rich gas by the oxidizing gas preferentially over oxida- 
tion of the hydrogen in the hydrogen- rich gas. 

In the methanol concentration-reducing apparatus 
of the present invention, the preferential oxidizing unit 
filled with the catalyst can significantly lower the con- 
centration of methanol in the hydrogen-rich gas. This 
structure enables the hydrogen-rich gas having 
extremely low concentration of methanol to be supplied 
to hydrogen-consuming mechanisms having an 
extremely low allowable limit of methanol concentration. 

It Is preferable that the preferential oxidizing unit of 
the methanol concentration-reducing apparatus has a 
ruthenium catalyst carried thereon. 



In accordance with one aspect of the present inven- 
tion, the methanol concentration-reducing apparatus 
further includes: methanol concentration measuring 
means for measuring concentration of the methanol in 

5 the hydrogen-rich gas; and oxidizing gas control means 
for controlling an amount of the oxidizing gas introduced 
Into the fiydrogen-rich gas by the oxidizing gas introduc- 
tion means, based on the concentration of the methanol 
in the hydrogen-rich gas measured by the methanol 

10 concentration measuring means. This structure sUiows 
an appropriate amount of oxidizing gas to be introduced 
into the hydrogen-rich gas. 

The present invention is also directed to a first fuel 
reformer system for reforming methanol to a hydrogen- 

75 containing gaseous fuel, which includes: a reformer unit 
for producing a reformed gas from methanol, the 
reformed gas containing hydrogen, carbon monoxide 
and methanol; oxidizing gas introduction means for 
introducing an oxygen-containing oxidizing gas into the 

20 reformed gas; and a preferential oxidizing unit contain- 
ing a platinum-ruthenium alloy catalyst for accelerating 
oxidation of the carbon monoxide in the reformed gas 
preferentially over oxidation of the hydrogen in the 
reformed gas. 

25 In the first fuel reformer system of the present 
invention, the preferential oxidizing unit filled with the 
platinum-ruthenium alloy catalyst can significantly lower 
the concentration of cartx)n monoxide in the methanol- 
containing reformed gas. This structure enal^les a gas- 

30 eous fuel having extremely low concentration of carbon 
monoxide to be su|:H3lied to hydrogen-consuming mech- 
anisms having an extremely low allowable limit of car- 
bon monoxide concentration, such as polymer 
electrolyte fuel c^ls. 

35 In accordance with one aspect of the present inven- 
tion, the first fuel reformer system further includes: 
methanol concentration measuring means for measur- 
ing concentration of metiianol in the reformed gas; car- 
bon monoxide concentration detection means for 

40 measuring concentration of cartx)n monoxide in tiie 
reformed gas; and oxidizing gas control means for con- 
trolling an amount of the oxidizing gas introduced into 
the reformed gas by the oxidizing gas introduction 
means, t^sed on the concentration of the methanol in 

45 the reformed gas measured by the methanol concentra- 
tion measuring means and the concentration of the car- 
bon monoxide in the reformed gas measured by the 
carbon monoxide concentration measuring means. This 
structure allows an appropriate amount of oxidizing gas 

so to be introduced into the reformed gas. 

The present invention is further directed to a sec- 
ond fuel reformer system for reforming methanol to a 
hydrogen-containing gaseous fuel, which includes: a 
reformer unit for producing a reformed gas from metha- 

55 nol. the reformed gas containing hydrogen, cartx>n 
monoxide and methanol; oxidizing gas introduction 
means for introducing an oxygen-containing oxidizing 
gas into the reformed gas; and an oxidizing unit having 
an inlet and an outlet for the reformed gas, and contain- 
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ing a methanol-oxidizing catalyst and a carbon monox- 
ide-oxidizing catalyst, the methanol-oxidizing catalyst 
accelerating oxidation of the methanol in the reformed 
gas by the oxidizing gas preferentially over oxidation of 
the hydrogen in the reformed gas. the carbon monox- 
ide-oxidizing catalyst accelerating oxidation of the car- 
bon monoxide in the reformed gas by the oxidizing gas 
preferentially over hydrogen in the reformed gas. 

In the second fuel reformer system of the present 
invention, the oxidizing unit filled with the methanol-oxi- 
dizing catalyst and the cart>on monoxide-oxidizing cata- 
lyst can significantly lower the concentrations of 
methanol and carbon monoxide in the reformed gas. 
This structure enables a gaseous fuel having extremely 
low concentrations of methanol and carbon monoxide to 
be supplied to hydrogen-consuming mechanisms hav- 
ing an extremely low allowable limit of carbon monoxide 
concentration, such as polymer electrolyte fuel cells. 

In accordance with one aspect of the second fuel 
reformer system, the methanol-oxidizing catalyst and 
the carbon monoxide-oxidizing catalyst are homogene- 
ously mixed in the oxidizing unit. A ratio of the methanol- 
oxidizing catalyst and the catt)on monoxide-oxidizing 
catalyst is an^anged in the oxidizing unit so that the ratio 
at proximity to the an inlet of the reformed gas greater 
than a ratio of the methanol-oxidizing catalyst to the car- 
bon monoxide-oxidizing catalyst at an outlet of the 
reformed gas. Either of these preferable structures may 
further include cooling means having a circulation path, 
through which a cooling medium flows from proximity to 
the outlet to proximity to the inlet of the oxidizing unit, 
the cooling means cooling the oxidizing unit by the cool- 
ing medium. 

In accordance with still anotiier aspect of the 
present invention, the second fuel reformer system fur- 
ther includes cooling means having a circulation path for 
a cooling medium, the cooling medium being circulated 
through the circulation path to cool the oxidizing unit. In 
this structure, a ratio of the methanol-oxidizing catalyst 
and the cart>on monoxide-oxidizing catalyst are 
arranged in the oxidizing unit so that the ratio at a place 
in the oxidizing unit near the circulation path is greater 
than that at another place apart from the circulation 
path. It is preferable that the circulation path of the cool- 
ing means enables the cooling medium to flow from 
proximity to the outiet of the oxidizing unit to proximity to 
the inlet of the the oxidizing unit. 

In accordance with still another aspect of the sec- 
ond fuel reformer system, the oxidizing gas introduction 
means comprises a plurality of fluid inlets penetrating 
into the oxidizing unit for introducing the oxidizing gas 
into the oxidizing unit. In this structure, a ratio of the 
methanol-oxidizing catalyst and the carbon monoxide- 
oxidizing catalyst are arranged in the oxidizing unit so 
that the ratio at a place in the oxidizing unit near the plu- 
rality of fluid inlets is greater than tiiat at another place 
apart from the plurality of fluid inlets. 

In accordance v^h one aspect of the present inven- 
tion, the second fuel reformer system further includes: 



methanol concentration measuring means for measur- 
ing conc^ration of the mefriarol in the reformed gas; 
carbon monoxide concentration measuring means for 
measuring concentration of the cartx>n monoxide in the 
5 reformed gas; arKi oxidizing gas control means for con- 
trolling an amount of the oxidizing gas introduced into 
the reformed gas by the oxidizing gas introduction 
means, based on the concentration of the methanol in 
the reformed gas measured by ttie methanol concentra- 
10 tion measuring means and the concentration of the car- 
bon monoxide in the reformed gas measured by the 
cartx)n monoxide concentration measuring means. 

The present invention is further directed to a third 
fuel reformer system for reforming methanol to a hydro- 
's gen-containing gaseous f uel . which includes: a reformer 
unit for producing a reformed gas from methanol, tiie 
reformed gas containing hydrogen, carbon monoxide 
and metiianol; oxidizing gas introduction means for 
introducing an oxygen-containing oxidizing gas into the 
20 reformed gas: and a preferential oxidizing unit contain- 
ing a catalyst for accelerating oxidation of the metiianol 
in the reformed gas by the oxidizing gas preferentially 
over oxidation of the hydrogen in the reformed gas. 
In the third furl reformer system of the present 
25 invention, the preferential oxidizing unit filled witii the 
catalyst can significantly lower the concentration of 
methanol in tiie reformed gas. This structure enables a 
gaseous fuel having extremely low concentration of 
methanol to be supplied to hydrogen-consuming mech- 
30 anisms having an extremely low alfowable limit of metii- 
anol concentration. 

In accordance with one aspect of the present inven- 
tion, the third fuel reformer system further includes: 
metiianol concentration measuring means for measur- 
es ing concentration of the methanol in the reformed gas; 
and oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced Into the 
reformed gas by the oxidizing gas inta-oduction means, 
based on the concentration of tiie methanol in the 
40 reformed gas measured by the metiianol concentration 
measuring means. This structure allows an appropriate 
amount of oxidizing gas to be introduced into tiie 
reformed gas. 

In accordance witii another aspect of the present 
45 invention, ttie third fuel reformer system further includes 
carbon monoxide-preferential oxidizing unit for receiving 
tiie oxidizing gas and a methanol-poor concentration- 
reformed gas which has been preferentially oxidized in 
said methanol-preferential oxidizing unit, and oxidizing 
50 carfcx>n monoxide In the methanol-poor concentration- 
reformed gas preferentially over hydrogen. This gives a 
gaseous fuel having extremely low concentrations of 
methanol and carbon monoxide. The third fuel reformer 
system of this preferred structure further includes: 
55 methanol concenti-ation measuring means for measur- 
ing concentration of the methanol in the reformed gas; 
and first oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced into the 
reformed gas by the oxidizing gas introchjction means. 
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based on the concentration of the methanol in the 
reformed gas measured by the methanol concentration 
measuring means, carbon monoxide concentration 
measuring means for measuring concentration of car- 
bon monoxide in the methanol-poor concentration- 5 
reformed gas; and second oxidizing gas control means 
for controlling an amount of the oxidizing gas introduced 
into the methanol-poor concentration-reformed gas in 
the cartx>n monoxide-preferential oxidizing unit, based 
on the concentration of cart>on monoxide in the metha- w 
nol-poor concentration-reformed gas measured by the 
cartx)n monoxide concentration measuring means. This 
structure allows an appropriate amount of oxidizing gas 
to be introduced into the reformed gas. 

it is preferable that the methanol-preferential oxidiz- is 
ing unit of the third fuel reformer system has a ruthe- 
nium catalyst carried thereon. 

These and otiier objects, features, aspects, and 
advantages of the present invention will become more 
apparent from the following detailed description of the 20 
preferred embodiments with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2S 

Rg. 1 is a block diagram schematically illustrating 
structure of a fuel cell system provided with a fuel 
reformer 30 embodying the present invention; 

Fig. 2 is a cross sectional view schematically illus- so 
trating unit cell structure of the stack of fuel cells 20; 

Fig. 3 is a graph showing capabilities of a platinum- 
ruthenium alloy catalyst in reducing concentration 
of carbon monoxide in model gases; 35 

Fig. 4 is a graph showing capabilities of a ruthenium 
catalyst as a reference; 

Fig. 5 schematically illustrates structure of the con- 4o 
centration sensor 50; 

Fig. 6 is a flowchart showing a control routine of 
controlling the amount of oxidizing gas introduced 
into the CO selective oxidizing unit 34, which is exe- 45 
cuted by the electronic control unit 90 of the fuel 
reformer 30; 

Fig. 7 is a graph showing the relationship between 
the methanol concentration CM and the molar ratio so 
[OaMCO]; 

Fig. 8 is a graph, wherein the carbon monoxide con- 
centration CO is plotted against the molar ratio 
[OsMCO] for two reformed gases with different ss 
methanol concentrations CM; 



Rg. 9 is a block diagram schematically illustrating 
structure of another fuel cell system 110 as a sec- 
ond embodiment of tiie present invention; 

Rg. 10 is a graph showing capabilities of the ruthe- 
nium catalyst and a platinum catalyst as a refer- 
ence in reducing concentration of methanol in a 
model gas; 

Rg. 1 1 is a flowchart showing a control routine of 
controlling the annount of oxidizing gas introduced 
into the methand oxidizing unit 133, vi^ich is exe- 
cuted by the electronic control unit 90 of the fuel 
reformer 130 of the second emkxxfiment; 

Rg. 12 is a block diagram schematically illustrating 
structure of still anotiier fuel cell system 10A as a 
third embodiment of the present invention; 

Rg. 13 (s a schematic diagram showing an internal 
state of the selective oxidizing unit 200 incorpo- 
rated in the fuel reformer 30A of the third embodi- 
ment; 

Rg. 14 shows a process of cooling the selective oxi- 
dizing unit 200 by means of a first heat exchanger 
204; 

Fig. 15 is a flowchart showing a control routine of 
controlling the amount of oxidizing gas introduced 
into the selective oxidizing unit 200, which is exe- 
cuted by the electronic control unit 90 of the fuel 
reformer 30A of the third emkxxliment; 

Fig. 1 6 shows operation of the selective oxidizing 
unit 200 for reducing the methanol concentration 
CM and the carbon monoxide concentration CO in 
the reformed gas; 

Rg. 17 shows a modification of the first heat 
exchanger 204 of the third embodiment; 

Fig. 18 is a schematic view illustrating an internal 
state of a selective oxidizing unit 200B as a first 
modification of the selective oxidizing unit 200 of 
the third embodiment; 

Rg. 19 is a schematic view illustrating an internal 
state of another selective oxidizing unit 200 C as a 
second modification of the selective oxidizing unit 
200 of the third embodiment; 

Rg. 20 is a schematic view illusb'ating an internal 
state of still another selective oxidizing unit 200D as 
a third modification of the selective oxidizing unit 
200 of the tiiird embodiment; 

Rg. 21 is a schematic view illustrating an internal 
state of still another selective oxidizing unit 200E as 



6 



11 



EP 0 743 694 A1 



12 



a fourth modification of the selective oxidizing unit 
200 of the third emtxxiiment; 

Rg. 22 is a schematic view illustrating an internal 
state of anotiier selective oxidizing unit 200F as a s 
fifth modification of the selective oxidizing unit 200 
of the third embodiment; 

Fig. 23 is a schematic view illustrating an internal 
state of still another selective oxidizing unit 200G as io 
a sixth modification of tiie selective oxidizing unit 
200 of the third embodiment: and 

Fig. 24 is a schematic view illustrating an internal 
state of still another selective oxidizing unit 200H as is 
a seventh modification of the selective oxidizing unit 
200 of the third emtxxliment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 

Fig. 1 is a block diagram schematically illustrating 
structure of a fuel cell system 10 provided with a fuel 
reformer 30 embodying the present invention. The fuel 
cell system 10 includes a methanol reservoir 12 in 
which methanol is stored, a water reservoir 1 4 in which 25 
water is stored, the fuel reformer 30 for producing a 
hydrogen-containing gaseous fuel from metiianol sup- 
plied from tiie methanol reservoir 12 and water supplied 
from the water reservoir 14. and a stack of polymer 
electrolyte fuel cells 20 for receiving a supply of tiie gas- 30 
ecus fuel from tiie fuel reformer 30 and a supply of an 
oxygen-containing oxidizing gas (for example, the air) 
and converting tiie chemical energy of the gaseous fuel 
to electrical energy 

The stack of fuel cells 20 includes a plurality of pol- 35 
ymer electrolyte fuel cells as mentioned above and have 
the unit cell structure illustrated in the cross sectional 
view of Fig. 2. The unit fuel cell includes an electrolyte 
membrane 21 , an anode 22 and a cathode 23 arrsmged 
across the electrolyte membrane 21 to form a sandwich 40 
structure and work as gas diffusion electrodes, first and 
second separators 24 and 25 disposed across the 
sandwich structure and combined with tiie anode 22 
and tiie cathode 23 to constitute flow paths 24p and 25p 
of the gaseous fuel and oxidizing gas, and first and sec- 4s 
ond current collectors 26 and 27 disposed respectively 
outside the first and the second separators 24 and 25 to 
work as current-collecting electa'odes of the anode 22 
and the cathode 23. The electrolyte membrane 21 is 
composed of a polymer electrolyte material, such as a so 
fluororesin. to be proton-conductive. The anode 22 and 
the cathode 23 are made of carbon cloth with a platinum 
catalyst or platinum-containing alloy catalyst carried 
thereon and arranged across tiie electi-olyte membrane 
21 via the catalyst-carrying faces thereof. As a matter of ss 
convenience of explanation, Fig. 2 shows the unit cell 
structure of the stack of fuel cells 20. In an actual con- 
figuration, however, plural sets of first separator 
24/anode 22/ electrolyte membrane 21/ catiiode 23/ 



second separator 25 are laid one upon another, and the 
first and the second cunent collectors 26 and 27 are dis- 
posed outside the plural sets to complete the stack of 
fuel cells 20. In the drawing of Fig. 1 , only the gas sup- 
ply system on the anode's side is shown whereas the 
gas supply system on the catiiode's side and the gas 
discharge systems on botti the anode's side and tiie 
cathode's side are omitted for the clarity of illustration. 

The fuel reformer 30 includes a reformer unit 32 for 
receiving supplies of metiianol and water and producing 
a hydrogen-rich reformed gas and a CO selective oxi- 
dizing unit 34 for oxidizing carbon monoxide in the 
reformed gas and thereby producing a hydrogen-rich 
gaseous fuel having lower concentration of cartx^n mon- 
oxide. The fuel reformer 30 is also provided with a con- 
nection conduit 36 for feeding a supply of the reformed 
gas produced by tiie reformer unit 32 to the CO selec- 
tive oxidizing unit 34 and a concentration sensor 50 dis- 
posed in the connection conduit 36 for measuring 
concentrations of methanol and carix>n monoxide 
included in the reformed gas. A blower 38 introduces an 
oxygen-containing oxidizing gas (for example, the air) 
into tiie connection conduit 36 via an induction pipe 39. 
which is connected to the connection conduit 36 down- 
stream the concentration sensor 50. An elecbronic con- 
trol unit 90 controls operations of tiie respective 
elements of the fuel reformer 30. 

The reformer unit 32 receives a supply of methanol 
from the methanol reservoir 12 and a supply of water 
from the water reservoir 14 and produces a reformed 
gas containing hydrogen and carbon dioxide according 
to the reactions defined by Formulae (3) and (4) given 
€d30ve. As discussed previously, however, the reactions 
of Formulae (3) and (4) do not completely proceed in 
the practical state. The reformed gas produced by tiie 
reformer unit 32 is accordingly contaminated with trace 
amounts of unreacted methanol and cartXDn monoxide 
as a by-product of the reaction. The concentrations of 
carlx>n monoxide and methanol in the reformed gas 
depend upon tiie type of a catalyst charged into the 
reformer unit 32, the operating temperature of the 
reformer unit 32. and tiie flows of methanol and water 
per unit volume of catalyst supplied into the reformer 
unit 32. By way of example, It is assumed that a Cu-Zn 
catalyst is charged into the reformer unit 32, which has 
tiie volume of 12 liters and is operated at temperatures 
of 200*'C to 300*^0. while both tiie flows of methanol and 
water fed into the reformer unit 32 are 100 ml per one 
minute. Under such conditions, the concentration of car- 
bon monoxide in the reformed gas is approximately 1%, 
and ttiat of metiianol is not greater than approximately 
1%. 

Combination of the reactions of Formulae (3) and 
(4) gives an endothermic reaction expressed as For- 
mula (5). In order to produce a required amount of heat 
for the reactions, the reformer unit 32 is further provided 
with a combustion unit (not shown), whidi receives part 
of methanol supplied from the methanol reservoir 12 
and enables the supply of methanol to be subjected to 
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combustion. The reformer unit 32 is connected to the 
electronic control unit 90 via a conductive line. The elec- 
tronic control unit 90 controls the amount of supply of 
methanol into the comlxjstion unit of the reformer unit 
32. thereby regulating the operating temperature of the 5 
reformer unit 32. The electronic control unit 90 also con- 
trols supplies of methanol and water fed into the 
reformer unrt 32. 

The CO selective oxidizing unit 34 receives a sup- 
ply of the reformed gas produced by the reformer unit 10 
32 and a supply of oxidizing gas. oxidizes cart>on mon- 
oxide in the reformed gas preferentially over hydrogen, 
and thereby changes the refbnned gas to a gaseous 
fuel having lower concentration of cartx)n monoxide. 
The CO selective oxidizing unit 34 thus works as the is 
preferential oxidizing reaction unit of the apparatus for 
reducing concentration of carbon monoxide. The CO 
selective oxidizing unit 34 is filled with a carrier having a 
platinum-ruthenium alloy catalyst (CO selective oxidiz- 
ing catalyst) carried thereon. The concentration of car- 20 
bon monoxide in the gaseous fuel produced by the CO 
selective oxidizing unit 34 depends upon the operating 
temperature of the CO selective oxidizing unit 34, the 
concentrations of carbon monoxide and methanol in the 
reformed gas fed into the CO selective oxidizing unit 34, es 
and the flow of the reformed gas per unit volume of cat- 
alyst supplied into the CO selective oxidizing unit 34. By 
way of example, it is assumed that the CO selective oxi- 
dizing unit 34 has the volume of 3 liters and is operated 
at temperatures of 80**C to 200**C or more preferably 30 
80*0 to 100**C. while the reformed gas given as the 
example in the above description is fed from the 
reformer unit 32 to the CO selective oxidizing unit 34. 
The reformed gas is obtained at the flows of 100 ml of 
methanol and 100 ml of water per minute fed into the 35 
reformer unit 32 and contains approximately 1% or less 
amount of cartx}n monoxide and methanol. Under such 
conditions, the concentration of carbon monoxide in the 
gaseous fuel is not greater than several ppm. 

The CO selective oxidizing catalyst charged into the 40 
CO selective oxidizing unit 34 is prepared in the follow- 
ing manner. Porous ceramic alumina pellets of approxi- 
mately 3 mm in diameter are soaked in distilled water. 
An aqueous solution of ruthenium chloride is added 
dropwise to the alumina pellets in the distilled water with 4S 
stirring, so that the ruthenium salt is adsorbed onto the 
alumina pellets. The alumina pellets with the ruthenium 
salt adsorbed thereon are taken out of the solution and 
dried sufficiently before being heated in a hydrogen 
reducing atmosphere at temperatures of 250°C to so 
350**C for 2 hours. This heating process reduces ruthe- 
nium on the alumina pellets and conpletely removes 
the residual chlorine. The alumina pellets with ruthe- 
nium carried thereon is subsequently treated to carry 
platinum in a similar manner to the above ruthenium- ss 
carrying process. In the platinum-ccu'rying process, an 
aqueous solution of platinum chloride is added drop- 
wise to the alumina pellets soaked in distilled water, 
instead of the aqueous solution of ruthenium chloride. 



The alumina pellets with ruthenium and platinum car- 
ried thereon are heated in an inert stream (for example, 
in a stream of nitrogen or argon) at temperatures of 
SOO^'C to 900*C for one hour. This heating process 
changes platinum and ruthenium on the alumina pellets 
to an alloy and yields a platinum-ruthenium alloy cata- 
lyst working as the CO selective oxidizing catalyst. 

The carrying density of the platinum-ruthenium 
alloy catalyst and the composition ratio of platinum to 
rutiienium can be set arbitrarily by regulating the 
amounts of ruthenium chloride and platinum chloride. 
Although the composition ratio of platinum to ruth^ium 
is one to one in the embodiment, the composition ratio 
may be varied between 1 to 10 and 10 to 1, or more 
preferably between 1 to 3 and 3 to 1 . The carrying den- 
sity is generally 0.1% by weight to 1.0% by weight or 
more preferatrfy 0.2% by weight to 0.5% by weight. 

In the above production steps, tiie platinum-ruthe- 
nium alloy catalyst is prepared by making ruthenium 
and platinum adsorbed onto alumina pellets in tiiis 
order. In accordance with other applicable processes, 
tiie platinum-ruthenium alloy catalyst may be obtained 
by making platinum and ruthenium adsorbed onto alu- 
mina pellets in this order or by simultaneously adding 
aqueous solutions of ruthenium chloride and platinum 
chloride dropwise to the alumina pellets soaked in dis- 
tilled water to realize the concurrent adsorption. Any 
one or combination of ruthenium nitrate, ruthenium 
iodide, chlororuthenic acid, ammonium chlororuthenate, 
ruthenium hydroxide, and potassium rutiienate may be 
used instead of ruthenium chloride in the above process 
for making ruthenium carried on the alumina pellets. 
Any one of platinum hydroxide, chloroplatinic acid, and 
ammonium chloroplatinate may also be used instead of 
platinum chloride in tiie above process for making plati- 
num carried on tiie alumina pellets. The platinum-ruthe- 
nium alloy catalyst functioning as the CO selective 
oxidizing catalyst may be prepared according to any 
desired process ottier than the above procedure. 

Rg. 3 is a graph showing capabilities of the plati- 
num-ruthenium alloy catalyst in reducing concentration 
of carbon monoxide in model gases, whereas Fig. 4 is a 
graph showing the same of a rutiienium catalyst as a 
reference. The ruthenium catalyst used as a reference 
is alumina pellets witii rutiienium carried thereon, which 
are obtained as an intermediate in the above process of 
manufacturing tiie platinum-ruthenium alloy catalyst. 

A tank of a gas having composition of H2=75%, 
C02=24.5%, and CO=0.5% is prepared in advance. A 
reformed gas No. 1 is prepared by adding the water 
vapor to the gas with a bubbler to have the absolute 
humidity of approximately 20%. A reformed gas Nk>. 2 is 
prepared by furtiier adding 1% methanol to tiie 
reformed gas No. 1. The reformed gases No. 1 and No. 
2 are used for the model gas. The reformed gas No. 1 
corresponds to a gas composition wherein the molar 
ratio of water to metiianol [H20]/[CH30I-I] fed into the 
reformer unit 32 of tiie embodiment is equal to tiie value 
"2' and the degree of conversion is 100%. The reformed 
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gas No. 2 oorresponds to another gas composrtion 
wherein the molar ratio of water to methanol 
[HaOMCHsOH] fed into the reformer unit 32 is equal to 
the value *2' and the degree of conversion is 95%. 

A gaseous mixture is introduced into the respective 
catalysts at the gas flow per unit volume of catalyst 
equal to approximately SOOOh '' on the dry gas basis. 
The gaseous mixture is prepared by mixing an oxidizing 
gas with the model gas to attain the molar ratio of oxy- 
gen to cartDon monoxide [O^CO] equal to the value '3\ 

The graph of Fig. 4 shows variations in concentra- 
tion of carbon monoxide in the reformed gas after the 
catalytic reaction when the ruthenium catalyst of refer- 
ence is used. For the reformed gas No. 1 with the con- 
version ratio of 100% (methanol concentration: 0%). the 
concentration of carbon monoxide is not greater than 
100 ppm in a wide range of reaction temperature 
between ISO^'C and 220''C and even not greater than 
several ppm in a range of reaction temperature between 
140''C and ISO^'C. For the reformed gas No. 2 with the 
conversion ratio of 95% (methanol concentration: 
approximately 1%), on the other hand, the concentra- 
tion of carfcx)n monoxide reaches its minimum of 80 ppm 
in the vicinity of 140*^0 and does not decrease to any 
lower level. 

The graph of Fig. 3 shows variations in concentra- 
tion of carbon monoxide in the reformed gas after the 
catalytic reaction when the platinum-ruthenium alloy 
catalyst of the embodiment is charged into the CO 
selective oxidizing unit 34. As for the reformed gas No. 
1 with the conversion ratio of 1 00%. the concentration of 
carbon monoxide is not greater than several ppm in a 
wide range of reaction temperature between 80**C and 
150°C. Even as to the reformed gas No. 2 with the con- 
version ratio of 95%, the concentration of carbon mon- 
oxide is not greater than several ppm in a range of 
reaction temperature between 80**C and 100*C. Com- 
pared with the ruthenium catalyst of reference, the plat- 
inum-ruthenium alloy catalyst of the embodiment can 
significantly reduce the concentration of carbon monox- 
ide in the methanol-oontaining reformed gas. 

As discussed above, the platinum-ruthenium alloy 
catalyst can reduce the concentration of carbon monox- 
ide to several ppm in a range of reaction temperature 
between SO^'C and lOO^'C irrespective of the presence 
or absence of methanol. In order to allow the CO selec- 
tive oxidizing unit 34 to be operated at temperatures of 
SO^'C to 100^*0. the temperature of the reformed gas 
introduced into the CO selective oxidizing unit 34 should 
be regulated adequately The regulation of temperature 
is implemented, for example, by the process of heat 
exchange of the reformed gas in the connection conduit 
36 with supplies of methanol and water fed from the 
methanol reservoir 12 and the water reservoir 14 to the 
reformer unit 32. which is carried out in a heat 
exchanger (not shown). The heat exchange of the 
reformed gas in the connection conduit 36 with the sup- 
plies of methanol and water fed to the reformer unit 32 



enhances the thermal efficiency and realizes a fuel 
reformer with higher energy efficiency. 

Rg. 5 schematically illustrates structure of the con- 
centration sensor 50. The concentration sensor 50 

s includes an electrolyte membrane 51. a pair of elec- 
trodes 52 and 54 arranged across the electrolyte mem- 
brane 51 to form a sandwich structure, a pair of meshed 
metal plates 56 and 58 disposed across the sandwich 
structure to prevent deflection of the sandwich struc- 

10 ture. a pair of holders 60 and 62 for supporting the sand- 
wich structure as well as the pair of meshed metal 
plates 56 and 58. an insulating member 64 for connect- 
ing tiie holders 60 and 62 with each otiier under electri- 
cally insulating conditions, and a targel-of- 

75 measurement selection mechanism 80 for selecting the 
target of measurement among the concentration of 
methanol and the concentration of carbon monoxide. 
The electrolyte membrane 51 is composed of a polymer 
electrolyte material, such as a f luororesin. to be proton- 

20 conductive. The pair of electrodes 52 and 54 are made 
of carbon cloth with a platinum catalyst or platinum-con- 
taining alloy catalyst can-ied thereon and arranged 
across tiie electi-olyte membrane 51 via the catalyst- 
carrying faces thereof. The holders 60 and 62 are made 

25 of a material having excellent electrical conductivity 

The holders 60 and 62 respectively have flanges 
60a and 62a projected inward from the cylindrical holder 
structures. The electrolyte membrane 51, tiie pair of 
electrodes 52 and 54, and tiie meshed metal plates 56 

30 and 58 are supported by these flanges 60a and 62a of 
the hoklers 60 and 62. The holder 62 is provided with an 
O-ring 66, which comes into contact witii tiie electrolyte 
membrane 51 to prevent an atmosphere on the side of 
one electrode from leaking to tiie side of the other elec- 

35 trode. The holders 60 and 62 respectively have, on the 
circumference thereof, outer screw threads 60b and 
62b, which mate and engage witii internal screw 
threads 64a and 64b formed inside the insulating mem- 
ber 64. Engagement of the mating screw threads 

40 60b,62b and 64a,64b connects the holders 60 and 62 
with each other to ensure that the holders 60 and 62 
securely support the sandwich structure of electi-ode 
52-electrolyte membrane 51 -electrode 54 placed there- 
between. 

45 The concentration sensor 50 f urtiier includes a pas- 
sage member 67 joined witii one holder 60 through 
engagement of mating screw threads to define a gas 
flow conduit 68 for leading tiie reformed gas to one elec- 
trode 52. The passage member 67 is composed of an 

50 Insulating material and screwed to an attachment mouth 
36a formed on the connection conduit 36. The other 
holder 62 does not connect with any specific gas con- 
duit, which enables the other electrode 54 to be 
exposed to the atmosphere. 

55 A voltmeter 69 is electrically connected with detec- 
tion terminals 60T and 62T an-anged on the holders 60 
and 62 to measure the potential difference between the 
pair of electrodes 52 and 54. The voltmeter 69 is further 
connected to tiie elecb^onic control unit 90. Connection 
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of the voltmeter 69 is attained to give negative polarity to 
the detection terminal 60T of the holder 60 on the side 
of the electrode 52 exposed to the reformed gas and 
positive polarity to the detection terminal 62T of the 
holder 62 on the side of the electrode 54 exposed to the 
atmosphere. 

The target-ofHTieasurement selection mechanism 
80 is an-anged between the detection terminals 60T and 
62T and connected to the voltmeter 69 in parallel via 
conductive lines. The target-of-measurement selection 
mechanism 80 includes a resistance 82. a relay 84, and 
a contact 86 of the relay 84. The resistance 82 is con- 
nected with the contact 86 of the relay 84 in series. The 
contact 86 of the relay 84 has a normal-open structure; 
that is, the contact 86 is open in OFF state of the relay 
84 and closed in ON state of the relay 84. The relay 84 
is connected to the electronic control unit 90 via a con- 
ductive line and controlled on and off by the electronic 
control unit 90. 

In the concentration sensor 50 thus constructed, in 
the OFF state of the relay 84 or OPEN position of the 
contact 86, the concentration of methanol in the 
reformed gas is determined according to the potential 
difference (open terminal voltage between the elec- 
trodes 52 and 54} measured with the voltmeter 69. In 
the ON state of the relay 84 or CLOSED position of the 
contact 86, on the other hand, the concentration of car- 
bon monoxide in the reformed gas is determined 
according to the potential difference (inter-terminal volt- 
age of the resistance 82) measured with the voltmeter 
69. 

The concentration of methanol in the reformed gas 
is determined by measuring the open terminal voltage 
between the pair of electrodes 52 and 54. This is 
ascribed to the following fact. When a methanol-con- 
taining reformed gas is supplied to the structure includ- 
ing the electrolyte membrane 51 and the electrodes 52 
and 54, which is identical with the cell structure of the 
polymer electrolyte fuel cells, the higher concentration 
of methanol in the reformed gas results in the lower 
open terminal voltage between the electrodes 52 and 
54. A data map or curve is prepared in advance, which 
represents the relationship between the concentration 
of methanol in the reformed gas and the open terminal 
voltage between the electrodes 52 and 54. The concen- 
tration of methanol in the reformed gas corresponding 
to the potential difference measured with the voltmeter 
69 is read from the data map or curve. 

The concentration of cartx)n monoxide in the 
reformed gas is determined by measuring the inter-ter- 
minal voltage of the resistance 82. This is ascribed to 
the following fact. When a cartx)n nrranoxide-containing 
reformed gas is supplied to the structure including the 
electrolyte membrane 51 and the electrodes 52 and 54. 
which is identical with the cell structure of the polymer 
electrolyte fuel ceils, the higher concentration of carbon 
monoxide in the reformed gas causes the greater 
amount of cait>on monoxide to be adsortted to the plat- 
inum catalyst carried on the electrode 52, thus interfer- 



ing with the reaction on the electrode 52 arxi lowering 
the electromotive force. A data map or curve is prepared 
in advance, which represents the relationship between 
the concentration of carbon monoxide in the reformed 
5 gas and the inter-terminal voltage of the resistance 82. 
The concentration of cartoon monoxide in the reformed 
gas corresponding to the inter-terminal voltage meas- 
ured with the voltmeter 69 is read from the data nnap or 
curve. 

10 The electronic control unit 90 is constructed as a 
logic circuit with a microcomputer. The electronic control 
unit 90 specifically includes a CPU 92 for executing a 
variety of operations according to preset control pro- 
grams, a ROM 94 in which control programs and control 

15 data required for the execution of various operations by 
the CPU 92 have been stored in advance, and a RAM 
96 into and from which a variety of data required for the 
execution of various operations by the CPU 92 are tem- 
porarily written and read. The electronic control unit 90 

20 is furtiier provided with an input/output port 98 for input- 
ting signals sent from the voltmeter 69 of the concentra- 
tion sensor 50 and detection signals output from a 
variety of sensors (not shown) and outputting driving 
signals, based on the results of operations by tiie CPU 

25 92. to the reformer unit 32, the CO selective oxidizing 
unit 34. the blower 38. and the concentration sensor 50. 

In the fuel reformer 30 of tine fuel cell system 10 
ttius constructed, tiie amount of oxidizing gas intro- 
duced into the CO selective oxidizing unit 34 is control- 

30 led according to a control routine shown in tiie flowchart 
of Fig. 6. The control routine of Fig. 6 for controlling the 
amount of oxidizing gas introduced into the CO selec- 
tive oxidizing unit 34 is executed at predetermined time 
intervals, for example, at every 100 msec, after the fuel 

35 reformer 30 has started its operation and fallen into a 
stationary state. 

When the program enters tiie control routine of Fig 
6, the CPU 92 first receives data of metiiand concentra- 
tion CM and carbon monoxide concentration CO of a 

40 reformed gas in the connection conduit 36, which are 
measured witii the concentration sensor 50, via the 
input/output port 98 at step Si 00. In accordance with a 
concrete procedure, the CPU 92 reads the open termi- 
nal voltage between the pair of electrodes 52 and 54, 

45 which is measured with the voltmeter 69 of the concen- 
tration sensor 50 in tiie OFF state of the relay 84 or 
OPEN position of the contact 86. TTie concentration of 
methanol corresponding to the input open terminal volt- 
age is read from a map (not shown), which has previ- 

50 ously been prepared and stored in the ROM 94 to 
represent the relationship between the methanol con- 
centration CM and the open terminal voltage between 
tiie electrodes 52 and 54. The CPU 92 subsequently 
outputs a driving signal via the input/output port 98 to 

55 turn on the relay 84 and close the contact 86, thereby 
connecting kxrth the terminals of tiie resistance 82 with 
the electrodes 52 and 54. The inter-terminal voltage of 
tiie resistance 82 is then measured with the voltmeter 
69 in tiie ON state of tiie relay 84 or CLOSED position 
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of the contact 86. The CPU 92 receives data of the inter- 
terminal voltage of the resistance 82 and determines 
the concentration of cartx)n monoxide corresponding to 
the input Inter-terminal voltage by referring to a map 
(not shown), which has previously been prepared and s 
stored in the ROM 94 to represent the relationship 
between the cai1x)n monoxide concentration CO and 
the inter-termlnal voltage of the resistance 82. 

At step S110. the molar ratio of oxygen to cartx)n 
monoxide [O^CO] corresponding to the input metha- 
nol concentration CM is read from a map representing 
the relationship between the methanol concentration 
CM and the molar ratio [Oal/ICO] as shown in the graph 
of Fig. 7. The molar ratio of oxygen to cariDon monoxide 
[O2MCO] is used to determine the amount of oxidizing 
gas introduced into the CO selective oxidizing unit 34. In 
the graph of Rg. 8, the cartx)n monoxide concentration 
CO is plotted against the molar ratio [Oal/ICO] for two 
reformed gases with different methanol concentrations 
CM. As clearly seen in Fig. 8, the higher methanol con- 
centration CM in the reformed gas requires the greater 
molar ratio [O^CO], Othen^vise the higher methanol 
concentration CM increases the carbon monoxide con- 
centration CO in the gaseous fuel output from the CO 
selective oxidizing unit 34, thereby poisoning the plati- 
num catalyst in the stack of fuel cells 20. The excessive 
molar ratio [O2MCO] ensures the reduction of carbon 
monoxide concentration CO in the gaseous fuel pro- 
duced by the CO selective oxidizing unit 34. but causes 
hydrogen to be subjected to combustbn and wastefully 
consumed due to the supply of excess oxygen. It is thus 
required to determine the amount of oxidizing gas Irrtro- 
duced into the CO selective oxidizing unit 34, which 
makes the carbon monoxide concentration CO equal to 
or less than an allowable concentration level of the stack 
of fuel cells 20 and minimizes the consumption of hydro- 
gen. The map of Fig. 7 represents the relationship 
between the methanol concentration CM and the molar 
ratio [O^CO] experimentally obtained and Is used to 
select an appropriate molar ratio [0^/[C0]. The map 
representing the relationship between the methanol 
concentration CM and the molar ratio [O2MCO] should 
be set individually depending upon the composition 
ratio of the platinum-ruthenium alloy catalyst charged 
into the CO selective oxidizing unit 34 and the gas flow 
per unit volume of catalyst introduced Into the CO selec- 
tive oxidizing unit 34. The map is thus not restricted to 
the proportional plane curve shown in the graph of Fig. 
7. 

At Step S120, the CPU 92 calculates an induction 
amount Q of oxidizing gas introduced into the CO selec- 
tive oxidizing unit 34, based on the molar ratio [02]/[C0] 
thus determined and the Input cartx)n monoxide con- 
centration CO in the reformed gas. The program then 
proceeds to step SI 30 to calculate a difference AG 
between current data of induction amount Q of oxidizing 
gas obtained in the current cycle and previous data of 
Induction amount Q of oxidizing gas obtained in the pre- 
vious cycle of this rcHJtine. An increase in driving amount 



AS of the blower 38 is determined at step S140 In order 
to increase the oxidizing gas introduced into the CO 
selective oxidizing unit 34 by the difference AO. The 
CPU 92 outputs a driving signal to the blower 38 via the 
input/output port 98 to actually increase the driving 
amount of the blower 38 based on the data of increase 
in driving amount AS at step SI 50. This process ena- 
bles the CO selective oxidizing unit 34 to oxidize cartx)n 
monoxide in the reformed gas preferentially over hydro- 
gen, so that a gaseous fuel having extremely low con- 
centration of cartx>n monoxide Is supplied to the stack of 
fuel cells 20. 

In the fuel reformer 30 incorporated in the fuel cell 
system 10 of the first embodiment, even when the 
reformed gas produced by the reformer unit 32 is con- 
taminated with methanol, the platinum-ruthenium allc^ 
catalyst charged in the CO selective oxidizing unit 34 
significantly reduces the concentration of carbon mon- 
oxide in the reformed gas. compared with the ruthenium 
catalyst of reference charged in the CO selective oxidiz- 
ing unit 34. 

The amount of oxidizing gas introduced into the CO 
selective oxidizing unit 34 is controlled according to the 
concentrations of methanol and carton monoxide in the 
reformed gas measured with the concentration sensor 
50. This ensures the effective reduction of concentration 
of carbon monoxide in the reformed gas and prevents 
iiydrogen from being subjected to combustion and 
wastefully consumed due to the supply of excess oxidiz- 
ing gas. 

In the first embodiment, the gaseous fuel produced 
by the fuel reformer 30 is supplied to the stack of poly- 
mer electrolyte fuel cells 20. The stack of polymer elec- 
trolyte fuel cells 20 may. however, be replaced by a 
stack of phosphate or other fuel cells or any other hydro- 
gen-consuming mechanisms. 

In the structure of the first embodiment, the concen- 
tration sensor 50 disposed in the connection conduit 36 
is used to measure the concentrations of methanol and 
carbon monoxide in the reformed gas. In accordance 
with another preferred structure, a methanol sensor for 
measuring the concentration of methanol in the 
reformed gas and a carfcx)n monoxide sensor for meas- 
uring the concentration of carbon monoxide in the 
reformed gas may be arranged separately in the con- 
nection conduit 36. 

In the embodiment, the CO selective oxidizing unit 
34 is combined with the reformer unit 32. which reforms 
methanol and produces a hydrogen-rich gas. The CO 
selective oxidizing unit 34 reduces the concentration of 
carbon monoxide in any hydrogen-rich gas containing 
methanol and carbon monoxide. The CO selective oxi- 
dizing unit 34 may accordingly be comlxned with any 
hydrogen-rich gas supply mechanisms oth^ than the 
reformer unit 32. 

Another fuel cell system 110 including a fuel 
reformer 130 Is described as a second embodiment 
according to the present invention. Fig. 9 is a block dia- 
gram schematiccUiy illustrating structure of the fuel cell 
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system 110 of the second embodiment. Referring to 
Fig. 9. the fuel cell system 110 includes a methanol res- 
ervoir 12 in which methanol is stored, a water reservoir 
14 in which water is stored, the fuel reformer 130 for 
producing a hydrogen-containing gaseous fuel from 5 
methanol supplied from the methanol reservoir 12 and 
water supplied from the water reservoir 14. and a stack 
of fuel ceils 20 for receiving a supply of the gaseous fuel 
from the fuel reformer 30 and a supply of an oxygen- 
containing oxidizing gas and converting the chemical 10 
energy of the gaseous fuel to electrical energy. The ele- 
ments of the fuel cell system 1 1 0 of the second embod- 
iment, which are identical with those of the fuel cell 
system 10 of the first embodiment, are shown by like 
numerals and not described here. The following 75 
describes the structure of the fuel cell system 1 10 of the 
second embodiment which is different from that of the 
fuel cell system 10 of the first embodiment. 

The fuel reformer 130 Includes a reformer unit 32 
fbr receiving supplies of methanol and water and pro- 20 
ducing a hydrogen-rich reformed gas, a methanol oxi- 
dizing unit 133 for oxidizing methanol in the reformed 
gas and thereby producing a hydrogen-rich gas having 
lower concentration of methanol (hereinafter referred to 
as methanol-poor concentration-reformed gas), a CO 2s 
selective oxidizing unit 34 fbr oxidizing carbon monoxide 
in the methanol-poor concentration-reformed gas and 
thereby producing a hydrogen-rich gaseous fuel having 
lower concentration of carbon monoxide, and an elec- 
tronic control unit 90 for controlling operations of the 30 
respective elements of tiie fuel reformer 130. 

The reformer unit 32 is connected to the methanol 
oxidizing unit 133 via a first connection conduit 135. A 
methanol sensor SOB fbr measuring concentration of 
methanol in the reformed gas is disposed in the first 35 
connection conduit 135. A first t^ower 1 37 introduces an 
oxidizing gas into the first connection conduit 1 35 via a 
first induction pipe 135B. which Is connected to the first 
connection conduit 135 downstaream the methanol sen- 
sor 508. The mettianol oxidizing unit 133 Is connected 40 
to the CO selective oxidizing unit 34 via a second con- 
nection conduit 136. A concentration sensor 50 for 
measuring concentrations of methanol arxj carbon 
monoxide included in tiie metiianol-poor concentration- 
reformed gas produced by tiie methanol oxidizing unit 45 
133 is disposed in the second connection conduit 136. 
A second blower 38 Introduces an oxidizing gas into the 
second connection conduit 136 via a second induction 
pipe 39, which is connected to the second connection 
conduit 136 downstream the concentration sensor 50. so 
The methanol sensor 508, the concentration sensor 50, 
and the blowers 137 and 38 are connected to the elec- 
tronic control unit 90 via conductive lines. 

The methanol oxidizing unit 133 receives a supply 
of the reformed gas produced by the reformer unit 32 ss 
and a supply of oxidizing gas, oxidizes methanol in the 
reformed gas preferentially over hydrogen, and thereby 
changes the reformed gas to a hydrogen-rich gas hav- 
ing lower concentration of methanol (methanol-poor 



concentration-reformed gas). The methanol oxidizing 
unit 133 thus works as the preferential oxidizing reaction 
unit of the apparatus for reducing concentration of meth- 
anol. The methanol oxidizing unit 133 is filled with a car- 
rier having a ruthenium catalyst carried thereon. The 
concentration off methanol in tiie methanol-poor con- 
centration-reformed gas produced by the methanol oxi- 
dizing unit 133 depends upon the operating 
tenrperature of the methanol oxidizing unit 133, the con- 
centration of methanol in tiie reformed gas fed into the 
methanol oxidizing unit 133. and the flow of the 
reformed gas per unit volume of catalyst supplied into 
the methanol oxidizing unit 133. By way of example, it is 
assumed that the methanol oxidizing unit 133 has the 
volume of 1 liter and is operated at temperatures of 
aoo^'C to ZSO'^C. while tiie reformed gas given as the 
example in the description of the first embodiment is fed 
from the reformer unit 32 to the methanol oxidizing unit 
1 33. The reformed gas is obtained at the flows of 1 00 ml 
of methanol and 100 ml of water per minute fed Into tiie 
reformer unit 32 and contains approximately 1% or less 
amount of cartx)n monoxide and metiianol. Under such 
conditions, the concentration of methanol in the metha- 
nol-poor concenfa-ation-reformed gas is not greater than 
0.3%. 

The ruthenium catalyst charged Into the mettianol 
oxidizing unit 133 is alumina pellets with rutiienium car- 
ried thereon, which are obtained as an intermediate in 
the process of the first embodiment for manufacturing 
the platinum-ruthenium alloy catalyst. 

Rg. 10 is a graph showing capabilities of the ruthe- 
nium catalyst and a platinum catalyst as a reference in 
reducing concentiBtion of methanol In a model gas. The 
model gas used here is the reformed gas No. 2 having 
the degree of methanol conversion equal to 95% (con- 
centration of methanol = approximately 1%) explained 
in the first embodiment. The model gas is mixed witii an 
oxidizing gas to make the molar ratio of oxygen to meth- 
anol [02]/[CH30H] equal to tiie value '1 .5*. The gaseous 
mixture is introduced into the respective catalysts at the 
gas flow per unit volume of catalyst equal to approxi- 
mately SOOOh"^ on the dry gas basis. The platinum cat- 
alyst of reference is prepared by making platinum 
carried on aluminum pellets of 3 mm in diameter in the 
same manner as the above process of manufacturing 
the platinum-ruthenium alloy catalyst. 

As clearly shown in the graph of Fig. 10, the plati- 
num catalyst of reference does not accelerate oxidation 
of methanol and thereby gives no significant decrease 
in concentration of methanol in the gaseous mixture in 
any temperature range. The rutiienium catalyst, on the 
otiier hand, remarkably decreases the concentration of 
methanol in the gaseous mixture at temperatures of not 
lower than ISO^'C. This proves that the rutiienium cata- 
lyst can signif icantiy lower the concentration of metha- 
nol in a hydrogen-rich gas in a range of reaction 
temperature between 150^*0 and 300''C or more prefer- 
ably between 200''C and 25a'C. 
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As discussed above, since the ruthenium catalyst 
reduces methanol in the reformed gas in a range of 
reaction temperature between 150*C and 300°C or 
more preferably between 200*C and 250*C, the temper- 
ature of the reformed gas introduced Into the methanol 5 
oxidizing unit 133 Is regulated adequately to allow the 
methanol oxidizing unit 133 to be operated in the above 
temperature range. In tfiis embodiment the reaction 
temperature of the reformer unit 32 is controlled to be 
within the range from 200*'C to 300**C, and the reformed 10 
gas generated by the reformer unit 32 accordingly has 
the temperature of 200*^0 to 300''C. No specific temper- 
ature control is thus required for the reformed gas intro- 
duced into the methanol oxidizing unit 133. 

The methanol sensor 50 B has similar structure to is 
that of the concentration sensor 50 described in the first 
embodiment, except that the methanol sensor 50B does 
not have the target-of-measurement selection mecha- 
nism 80. The voltmeter 69 accordingly measures the 
open terminal voltage between the pair of electrodes 52 20 
and 54 at all times. 

The following describes operation of the fuel 
reformer 130 incorporated in the fuel ceil system 1 10 of 
the second embodiment thus constructed. The elec- 
tronic control unit 90 of the fuel reformer 130 controls 25 
the amount of oxidizing gas Introduced into the metha- 
nol oxidizing unit 133 and the amount of oxidizing gas 
introduced into the CO selective oxidizing unit 34. The 
amount of oxidizing gas introduced into the methanol 
oxidizing unit 133 is controlled according to a control 30 
routine shown in the fbwchart of Fig. 11. while the 
amount of oxidizing gas Introduced into the CO selec- 
tive oxidizing unit 34 is controlled according to the con- 
trol routine of Fig. 6 like the first embodiment. Details of 
the control procedure for the amount of oxidizing gas 35 
introduced into the CO selective oxidizing unit 34 have 
already been described in the first embodiment and are 
thus omitted here. The control routine of Fig. 1 1 for con- 
trolling the amount of oxidizing gas Introduced into the 
methanol oxidizing unit 133 is executed at predeter- 40 
mined time intervals, for example, at every 100 msec, 
after the fuel reformer 130 has started its operation and 
fallen into a stationary state. 

When the program enters the control routine of Fig. 
1 1 , the CPU 92 first receives data of methanol concen- 45 
tration CMO of a reformed gas in the first connection 
conduit 135, which is measured with the methanol sen- 
sor 508, via the input/output port 98 at step S200. This 
is implemented by the same process as reading the 
methanol concentration CM measured with the concen- so 
tration sensor 50 described in the first embodiment. In 
accordance with a concrete procedure, the CPU 92 
reads the open terminal voltage between the pair of 
electrodes 52 and 54 measured with the voltmeter 69 of 
the methanol sensor 508. The concentration of metha- ss 
nol corresponding to the input open terminal voltage is 
then read from a map (not shown), which has previously 
been prepared and stored in the ROM 94 to represent 
the relationship between the methanol concentration 



CMO and the open terminal voltage between the elec- 
trodes 52 and 54. 

At step S210. the CPU 92 calculates an induction 
amount QO of oxidizing gas with respect to the methanol 
concentration CMO thus determined to make the molar 
ratio of oxygen to methanol [O2MCH3OH] equal to the 
value '1.5'. The program then proceeds to step S220 to 
calculate a difference AQO between current data of 
induction amount QO of oxidizing gas obtained In the 
current cycle and previous data of induction amount QO 
of oxidizing gas obtained In the previous cycle of this 
routine. An increase in driving amount ASO of the blower 
137 Is determined at step S230 In order to increase the 
oxidizing gas introduced into the methanol oxidizing unit 
133 by the difference AQO. The CPU 92 outputs a driv- 
ing signal to the blower 137 via the input/output port 98 
to actually increase the driving amount of the blower 
137 based on the data of increase in driving amount 
ASO at step S240. 

This process enat>les the methanol oxidizing unit 
133 to oxidize methanol in the reformed gas preferen- 
tially over hydrogen, so that a reformed gas having 
lower concentration of methanol (that is, methanol-poor 
concentration-reformed gas) is supplied to the CO 
selective oxidizing unit 34. As discussed previously in 
the first embodiment, the CO selective oxidizing unit 34 
preferentially oxidizes cart>on monoxide in the metha- 
nol-poor concentration -reformed gas, so that a gaseous 
fuel having extremely low concentrations of methanol 
and carbon monoxkle is supplied to the stack of fuel 
cells 20. 

The fuel reformer 130 incorporated in the fuel cell 
system 1 10 of the second embodiment has the metha- 
nol oxidizing unit 133 filled with the ruthenium catalyst, 
which efficiently reduces the concentration of methanol 
in the reformed gas. This leads to a significant deaease 
in concentration of methanol in a resulting gaseous fuel 
and effectively prevents methanol from interfering with 
the electrode reactions in the stack of fuel cells 20. The 
CO selective oxidizing unit 34 filled with the platinum- 
ruthenium alloy catalyst oxidizes cart>on monoxide in 
the methanol-poor concentration-reformed gas prefer- 
entially over hydrogen, thus allowing the resulting gase- 
ous fuel having significantly low concentration of carbon 
monoxide to be supplied to the stack of fuel cells 20. 

In the second embodiment, the methanol oxidizing 
unit 133 Is combined with the reformer unit 32. which 
reforms methanol and produces a hydrogen-rich gas. 
The methanol oxidizing unit 133 reduces the concentra- 
tion of methanol in any hydrogen-rich gas containing 
methanol. The methanol oxidizing unit 133 may accord- 
ingly be combined with any hydrogen-rich gas supply 
mechanisms other than the reformer unit 32. 

The structure of the second embodiment controls 
the induction amount of oxidizing gas introduced into 
the CO selective oxidizing unit 34, t)ased on the concen- 
trations of methanol and carbon monoxide in the meth- 
anol-poor concentration-reformed gas measured with 
the concentration sensor 50. In accordance with 
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another preferred structure, the induction amount of oxi- 
dizing gas introduced into the CO selective oxidizing 
unit 34 may be controlled, based on only the data of car- 
bon monoxide concentration measured with a cart)on 
monoxide sensor, which con-esponds to the structure s 
that the contact 86 of the relay 84 in the target-of-meas- 
urement selection mechanism 80 of the concentration 
sensor 50 is always set in CLOSED position. In this 
modified structure, the concerrtration of methanol in the 
methanoli:>oor concentration-reformed gas ouQDut from w 
the methanol oxidizing unit 133 is set equal to a prede- 
termined value, for example, experimental data like 
0.2%. The molar ratio of oxygen to cartx)n monoxide is 
also set to a predetermined level in advance. 

In the second embodiment, the CO selective oxidiz- is 
ing unit 34 is filled with the platinum-ruthenium alloy cat- 
alyst Since the methanol oxidizing unit 133 lowers the 
concentration of methanol in the reformed gas, the CO 
selective oxidizing unit 34 may be filled with the ruthe- 
nium catalyst. As clearly shown in the graph of Fig. 4, In 20 
this modification, it Is preferable to set the operating 
temperature of the CO selective oxidizing unit 34 equal 
to approximately 1 40*'C. The temperature of the metha- 
nol-poor concentration-reformed gas should accord- 
ingly be regulated to attain such temperature control. 2s 

Still anotiier fuel cell system 10A including a fuel 
reformer 30A is described as a third embodiment 
according to the present Invention. Fig. 1 2 is a block dia- 
gram schematically Illustrating structure of the fuel cell 
system 10A of the third embodiment. Referring to Fig. 30 
1 2, the fuel cell system 1 0A of the third embodiment has 
structure similar to that of the fuel cell system 10 of the 
first embodiment shown in Fig. 1. except that the fuel 
reformer 30A includes a selective oxidizing unit 200 in 
place of the CO selective oxidizing unit 34 and that the 35 
selective oxidizing unit 200 is provided with a cooler 
202, which Is different from a cooler (not shown) of the 
CO selective oxidizing unit 34. The elements of the fuel 
cell system 10A of the third embodiment, which are 
identical with those of the fuel cell system 10 of the first 40 
embodiment, are shown by like numerals and not 
described here. Like symbols denote like meanings 
unless othenvise specified. 

Fig. 13 is a schematic diagram showing an internal 
state of the selective oxidizing unit 200 incorporated in 45 
the fuel reformer 30A of the third embodiment. The 
selective oxidizing unit 200 is filled with a 1 to 1 mixture 
of a CO-Qxidizing catalyst MCO for accelerating oxkJa- 
tion of carbon monoxide in a reformed gas produced by 
the reformer unit 32 preferentially over hydrogen and a so 
methanol-oxidizing catalyst MME for accelerating oxida- 
tion of methanol in tiie reformed gas preferentially over 
hydrogen. The 1:1 mixture of catalysts MCO and MME 
is arranged homogeneously in the whole selective oxi- 
dizing unit 200. The CO-oxidizing catalyst MCO is the ss 
platinum-ruthenium alloy catalyst prepared by making 
an alloy of platinum and ruthenium as a catalyst carried 
on aluminum pellets of 3 mm in diameter as described 
in the first emiDodiment The methanol-oxidizing catalyst 



MME is the ruthenium catalyst prepared by making 
ruthenium as a catalyst carried on aluminum pellets of 3 
mm in diameter as descnbed in the second emt>odi- 
ment 

The active temperature of the CO-oxidizing catalyst 
MCO ranges from dO^'C to 200**C or more preferably 
from 80'*C to 100**C for the reformed gas having tiie 
methanol concentration CM of approximately 1%. As for 
the reformed gas having ^e methanol concentration 
CM of less than 0.1%. however, the active temperature 
of the CO-oxidizing catalyst MCO ranges from SO'^C to 
250*C or more preferably 80»C to 200**C. The active 
temperature of the methanol-oxidizing catalyst MME 
ranges from ISO^C to 300*^0 or more preferakrfy from 
aoo^C to 250°C as long as the cartx>n monoxide con- 
centration CO Is less than 2 or 3%. 

The selective oxidizing unit 200 is further provkied 
with a temperature sensor 201 for detecting tempera- 
ture in the vicinity of an outiet 200b of refbrmed gas. The 
temperature sensor 201 is connected to tiie electronic 
control unit 90 via a conductive line. 

Referring to Fig. 12. the cooler 202 includes a first 
heat exchanger 204 for exchanging heat with the selec- 
tive oxidizing unit 200. a second heat exchanger 206 for 
exchanging heat with the atmosphere, a circulation con- 
duit 207 for connecting the first heat exchanger 204 with 
the second heat exchanger 206 and defining a circula- 
tion path of a cooling medium, such as water or oil, and 
a circulation pump 208 disposed in the circulation con- 
duit 207 for drculating the cooling medium. The circula- 
tion pump 208 is connected to the electronic control unit 
90 via a conductive line and driven arxi controlled by the 
electronic control unit 90. 

Rg. 14 shows a process of cooling the selective oxi- 
dizing unit 200 by means of the first heat exchanger 
204. The first heat exchanger 204 is attached to the 
selective oxkiizing unit 200 in the manner that an inlet 
204a of cooling medium in tiie first heat exchanger 204 
is an^anged dose to the outlet 200b of refbrmed gas in 
tiie selective oxidizing unit 200 while an outlet 204b of 
cooling medium being close to an inlet 200a of reformed 
gas in the selective oxidizing unit 200. This enables a 
flow of cooling medium to be in the reverse of the flow of 
refbrmed gas in the selective oxidizing unit 200. The 
temperature of the selective oxidizing unit 200 accord- 
ingly reaches its minimum in the vicinity of the outiet 
200b of refbrmed gas and gradually increases towards 
the inlet 200a of reformed gas. 

The selective oxkiizing unit 200 has a temperature 
gradient in the direction of flow of reformed gas. The 
temperature gradient depends upon the temperature 
and f bw rate of reformed gas introduced into the selec- 
tive oxidizing unit 200. the area of cross section perpen- 
dicular to the direction of flow of the reformed gas In the 
selective oxidizing unit 200. the length of the selective 
oxkiizing unit 200 in the direction of flow, and tiie tem- 
perature and flow rate of cooling medium supplied to the 
first heat exchanger 204. In the structure of the third 
embodiment, the selective oxkiizing unit 200 and tiie 
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first heat exchanger 204 are controlled to linearly 
decrease the temperature of a reformed gas In the 
direction of flow passing through the selective oxidizing 
unit 200. By way of example, the reformed gas having a 
temperature of 260°C when supplied into the selective 5 
oxidizing unit 200 is cooled down to SO^'C when flowing 
out of the selective oxidizing unit 200. The circulation 
pump 208 is applied to regulate the fbw rate of cooling 
medium. The reformed gas of 200^*0 through 320**C 
when supplied into the selective oxidizing unit 200 can 10 
thus be cooled to the temperature range of BO^'C to 
130*^0 when flowing out of the selective oxidizing unit 
200. The temperature of the reformed gas should be 
controlled to approximately 80**C in the vicinity of the 
outlet 200b of the selective oxidizing unit 200. This is 15 
because that the preferable operating temperature of 
the stack of fuel cells 20 to realize a high efficiency of 
power generation ranges from 60^*0 to 120''C when a 
Naphion membrane (manufactured by du Pont) is used 
for the electrolyte membrane 21 in the stack of fuel cells 20 
20. The drculation pump 208 is feedback controlled by 
the electronic control unit 90 to make the temperature of 
the reformed gas in the vicinity of the outlet 200b of the 
selective oxidizing unit 200 approach a preset target 
temperature. The temperature of the reformed gas Is 2s 
measured with the temperature sensor 201 arranged in 
the vicinity of the outlet 200b of reformed gas in the 
selective oxidizing unit 200. 

The induction amount of oxidizing gas introduced 
into the selective oxidizing unit 200 of the fuel reformer 30 
30A incorporated in the fuel ceil system 1 0A of the third 
emt)odiment is controlled according to a control routine 
shown in the flowchart of Fig. 15. The control routine of 
Fig. 15 for controlling the amount of oxidizing gas intro- 
duced into the selective oxidizing unit 200 is executed at 35 
predetermined time intervals, for example, at every 100 
msec, after the fuel reformer 30A has started Its opera- 
tion and fallen into a stationary state. 

When the program enters the control routine of Fig 
15. the CPU 92 first receives data of methanol concen- 40 
tration CM and carbon monoxide concentration CO of a 
reformed gas in the connection conduit 36, which are 
measured with the concentration s^sor 50, via the 
input/output port 98 at step S300. The procedure of 
determining the methanol concentration CM and the 45 
cartoon monoxkie concentration CO with the concentra- 
tion sensor 50 has been described previously. At step 
S310. the CPU 92 calculates an induction amount Q of 
oxidizing gas introduced into the selective oxidizing unit 
200, based on the methanol concentration CM and the so 
carbon monoxide concentration CO thus determined. In 
accordance with a concrete procedure, the amount of 
oxygen required for oxkJizIng methanol is calculated 
from the input methanol concentration CM and the 
mdar ratio of oxygen to methanol [02]^CH30H]=1.5, ss 
which is the value for connpletely oxidizing methanol. 
The amount of oxygen required for oxidizing carbon 
monoxkie is calculated from the input cartxjn monoxkie 
concentration CO and the molar ratio of oxygen to car- 



bon monoxide [O2]/[CO]=0.5, which is the value for 
completely oxidizing cartx)n monoxide. The total induc- 
tion amount Q of oxidizing gas is obtained by summing 
the required amounts of oxygen and converting the total 
amcHjrtt of oxygen to the oxidizing gas basis. The molar 
ratio of oxygen to methanol [02]/[CH3OH]si.5 and the 
molar ratio of oxygen to carbon monoxide [O2]/[CO]=50.5 
are theoretical values. In the actual control procedure, 
little greater values are set to the respective molar ratios 
in order to ensure significant decreases in methanol 
concentration CM and carbon nix)noxkJe concentration 
CO in the reformed gas. 

After computing the induction amount Q of oxkilzing 
gas at step S310, the program proceeds to step S320 to 
calculate a difference AQ between current data of 
induction amount Q of oxidizing gas obtained in the cur- 
rent cycle and previous data of induction amount Q of 
oxidizing gas obtained in the previous cyde of this rou- 
tine. An increase in driving amount AS of the blower 38 
is determined at step S330 in order to increase the oxi- 
dizing gas introduced into the selective oxidizing unit 
200 by the difference AO. The CPU 92 outputs a driving 
signal to the blower 38 via the input/output port 98 to 
actually increase the driving amount of the k>lower 38 
based on the data of increase in driving amount AS at 
step 3340. This process enables the selective oxkJizing 
unit 200 to Qxkiize methanol and carbon nnonoxide in 
the reformed gas preferentially over hydrogen, so that a 
gaseous fuel having extremely low methanol concentra- 
tion CM and carbon monoxide concentration CO is sup- 
plied to the stack of fuel cells 20. 

Rg. 16 shows operation of the selective oxkiizing 
unit 200 for reducing the methanol concentration CM 
and the carbon monoxide concentration CO in the 
reformed gas. In the graph of Rg. 16. the internal tem- 
perature of the selective oxidizing unit 200, the active 
state of the methanol-oxidizing catalyst MME and the 
CO-oxidizing catalyst MCO. and the methanol concen- 
tration CM and the cart>on monoxkie concentration CO 
in the reformed gas are plotted against the flow of 
reformed gas in the selective oxidizing unit 200. In this 
measurement, the selective oxidizing unit 200 arxi the 
first heat exchanger 204 are controlled to linearly 
decrease the temperature of a reformed gas, which is 
260^*0 when supplied into tiie selective oxidizing unit 
200. in the direction of flow passing through the selec- 
tive oxklizing unit 200. to SO^'C when flowing out of the 
selective oxklizing unit 200. 

As discussed above, the active temperature of the 
methanol-oxidizing catalyst MME ranges from 150**C to 
300°C. Among the methanol-oxidizing catalyst MME 
charged in the selective oxidizing unit 200, the catalyst 
existing in the length of approximately 2/3 from the inlet 
200a of reformed gas in the selective oxidizing unit 200 
is thus activated to accelerate oxidatbn of methanol in 
the reformed gas preferentially over hydrogen. The 
methanol concentration CM of the reformed gas accord- 
ingly starts decreasing in the vicinity of the inlet 200a of 
reformed gas in the selective oxidizing unit 200 and is 
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reduced to approximately 0.1% or a lower level in the 
substantial center of the selective oxidizing unit 200. 
The active temperature of the CO-oxidizing catalyst 
MCO, on the other hand, ranges from 80**C to 200**C. 
Among the CO-oxidizing catalyst MCX) charged In the 5 
selective oxidizing unit 200. the catalyst existing after 
the length of approximately 1/3 from the inlet 200a of 
reformed gas in the selective oxidizing unit 200 is thus 
activated to accelerate oxidation of caitx)n monoxide in 
the reformed gas preferentially over hydrogen. The car- 10 
ton monoxide concentration CO of the reformed gas 
accordingly starts decreasing after the length of approx- 
imately 1/3 from the Inlet 200a of reformed gas in the 
selective oxidizing unit 200 and is reduced to several 
ppm or a lower level in the vicinity of the outlet 200b of 15 
reformed gas in the selective oxidizing unit 200. 

As discussed above, the fuel reformer 30A incorpo- 
rated in the fuel cell system 10A of the third embodiment 
has the selective oxidizing unit 200. which is filled with 
the methanol-oxidizing catalyst MME and the CO-oxl- 20 
dizing catalyst MCO and accordingly attains a signifi- 
cant decrease in concentrations of methanol and 
carbon monoxide in the reformed gas. This leads to a 
significant decrease in concentrations of methanol and 
cartx>n monoxide in a resulting gaseous fuel and effec- 2s 
tively pr^ents methanol and cartxsn nx>noxide from 
Interfering with the electrode reactions in the stack of 
fuel cells 20. 

The selective oxidizing unit 200 is filled with the 
methanol-oxidizing catalyst MME and the CO-oxidizing 30 
catalyst MCO, which are mixed homogeneously at the 
ratio of 1 to 1 . This allowvs the selective oxidizing unit 
200 to be easily manufactured. 

The amount of oxidizing gas introduced Into the 
selective oxidizing unit 200 is controlled according to the 35 
concentrations of methanol and carbon monoxide in the 
reformed gas measured with the concentration sensor 
50. This ensures the effective reduction of concentra- 
tions of methanol and carbon monoxide in the reformed 
gas and prevents hydrogen from being subjected to 40 
combustion and wastefully consumed due to the supply 
of excess oxidizing gas. 

In the fuel cell system 10A of the third embodiment, 
the platinum-ruthenium alloy catalyst is used for the CO- 
oxidizing catalyst MCO charged in the selective oxidiz- 45 
Ing unit 200. Any catalyst which can accelerate oxida- 
tion of carbon monoxide in a hydrogen-rich gas 
preferentially over hydrogen may. however, be applied 
to the CO-oxidizing catalyst MCO. Possible examples 
include platinum, ruthenium, palladium, and rhodium so 
catalysts as well as alloy catalysts including any of 
these metals. When the ruthenium catalyst is used for 
both the CO-oxidizing catalyst MCO and the methanol- 
oxidizing catalyst MME, no adjustment is required for 
mixing the methanol-oxidizing catalyst MME with the ss 
CO-oxidizing catalyst MCO. This further simplifies the 
process of manufacturing the selective oxidizing unit 
200. 



In the fuel cell system 10A of the third embodiment, 
the first heat exchanger 204 of the cooler 202 is 
arranged to attain a linear temperature gradient in the 
selective oxidizing unit 200. In accordance with another 
preferred structure, the first heat exchanger 204 may be 
arranged to make the temperature of the selective oxi- 
dizing unit 200 substantially constant in the direction of 
flow of reformed gas. In this modified structure, the 
selective oxidizing unit 200 shouM be controlled to a 
specific temperature range for simultaneously activating 
the methanol-oxidizing catalyst MME and the CO-oxi- 
dizing catalyst MCO. By way of example, it is assumed 
that the ruthenium catalyst is used for the methanol-oxi- 
dizing catalyst MME and the platinum-ruthenium alloy 
catalyst Is for the CO-oxidizing catalyst MCO. Since 
both the catalysts are activated in ^e temperature 
range of 150**C to 200°C as shown in the graph of Rg. 
16. the selective oxidizing unit 200 should be controlled 
to this temperature range. In this case, the temp^ature 
of the gaseous fuel supplied to the stack of fuel cells 20 
should be controlled to an applicable range of the elec- 
trolyte membrane 21 in the stack of fuel cells 20. The 
temperature of gaseous fuel should be regulated to the 
range of GO'^C to 120''C. for example, when a Naphion 
membrane (manufactured by din Pont) is used for the 
electrolyte membrane 21. Another heat ^changer 
should be arranged after the selective oxkJizIng unit 
200. 

In the fuel cell system 10A of the third embodiment, 
the first heat exchanger 204 of the cooler 202 is 
an^anged to make the flow of cooling medium in the first 
heat exchanger 204 in the reverse of the flow of 
reformed gas in the selective oxkjizing unit 200. As 
shown In a nrKxiifled structure of Fig. 17. heat exchang- 
ers 212 and 214 may be attached respectively to the 
portion of inlet 200a and the portion of outlet 200b in the 
selective oxidizing unit 200. In this case, the heat 
exchanger 212 is controlled to be in a range of active 
temperature of the methanol-oxidizing catalyst MME, 
while the heat exchanger 214 is controlled to be in a 
range of active temperature of the CO-oxidizing catalyst 
MCO 

In the fuel cell system 10A of the third embodiment, 
the 1:1 mixture of methanol-oxidizing catalyst MME and 
CO-oxidizing catalyst MCO is homogeneously charged 
into the selective oxklizing unit 200. The mixing ratio of 
the methanol-oxidizing catalyst MME to the CO-oxidiz- 
ing catalyst MCO is not restricted to 1 to 1 , but may be 
varied, for example, between 1 to 10 and 10 to 1. As 
illustrated in another selective oxidizing unit 200B of Fig. 
1 8, which is a first modified example of the selective oxi- 
dizing unit 200. the methanol-oxidizing catalyst MME 
may be charged into the portion of inlet 200a in the 
selective oxidizing unit 2008, separately from the CO- 
oxidizing catalyst MCO which Is packed into the portion 
of outlet 200b. In this modified structure, the first stage 
of the selective oxidizing unit 200B efficiently reduces 
the methanol concentration CM of the reformed gas. 
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and the second stage efficiently reduces the carbon 
monoxide concentration CO of the reformed gas. 

As illustrated in still another selective oxidizing unit 
200C of Rg. 19, which is a second modified example of 
the selective oxidizing unit 200, the mixing ratio of the s 
methanol-oxidizing catalyst MME to the CO-oxidizing 
catalyst MCO may be decreased from the Inlet 200a to 
the outlet 200b of the selective oxidizing unit 200C. In 
this case, the mixing ratio of the methanol-oxidizing cat- 
alyst MME o the co-oxidizing catalyst MCO may be 
varied gradually or stepwise like 1 to 0, 2 to 1. 1 to 1, 1 
to 2. and 0 to 1 from the inlet 200a of the selective oxi- 
dizing unit 200C. As illustrated in still another selective 
oxidizing unit 200D of Fig. 20, which is a third modified 
example of the selective oxidizing unit 200. another car- 
rier, such as honeycomb tubes coated with alumina, 
may be used for the catalyst carrier, instead of alumina 
pellets used in the selective oxidizing unit 200. In this 
modified structure, a honeycomb HME with a methanol- 
oxidizing catalyst carried thereon is arranged at the side 
of inlet 200a of the selective oxidizing unit 200 D, 
whereas a honeycomb HCO with a CO-oxidizing cata- 
lyst carried thereon is arranged at the side of outlet 
200b of the selective oxidizing unit 200D. 

As discussed above, in the fuel cell system 10A of 
the third embodiment, the 1:1 mixture of methanol-oxi- 
dizing catalyst MME and CO-oxidizing catalyst MCO is 
homogeneously charged into the selective oxidizing unit 
200. As illustrated in still another selective oxidizing unit 
200E of Fig. 21 , which is cooled by the surrounding first 
heat exchanger 204, the methanol-oxidizing catalyst 
MME may be arranged on the central portion of the 
selective oxidizing unit 200 E whereas the CO-oxidizing 
catalyst MCO may be arranged on tiie circumferential 
portion of the selective oxidizing unit 200E. Since the 
first heat exchanger 204 covering over the selective oxi- 
dizing unit 200E cools the selective oxidizing unit 200E, 
the circumferential portion of the selective oxidizing unit 
200E has lower temperatures than those of the central 
portion. The circumferential portion is accordingly set in 
the range of active temperature of tiie CO-oxidizing cat- 
alyst MCO, while the central portion is set in the range 
of active temperature of tiie methanol-oxidizing catalyst 
MME. In order to enable both tiie methanol-oxidizing 
catalyst MME and the CO-oxidizing catalyst MCO to be 
exposed to the reformed gas, it is preferable to anange 
gas diffusion plates or baffle plates for making a 
deflected flow of reformed gas on a plurality of positions 
in the selective oxidizing unit 200 E. The gas diffusion 
plates are preferably composed of non-woven fabric of 
glass fibers or carbon fibers or porous material, such as 
foamed metals, foamed ceramics, or porous cartx)ns. 
This structure enables the methanol-oxidtzing catalyst 
MME and the CO-oxidizing catalyst MCO to be respec- 
tively controlled to the adequate temperature ranges in 
the selective oxidizing unit 200E. This structure also 
attains the simple temperature control of the whole 
selective oxidizing unit 200E. In another structure that 
heat exchange is implemented through a flow path of a 



cooling medium of the first heat exchanger 204 which is 
arranged inside the selective oxidizing unit 200. the CO- 
oxidizing catalyst MCO is arranged in tiie vicinity of the 
flow path of the cooling medium whereas the methanol- 
oxidizing catalyst MME is arranged apart from the flow 
path of the cooling medium. 

Even in this type of selective oxidizing unit 200, 
where the CO-oxidizing catalyst MCO Is arranged near 
the flow patii of the cooling medium and the methanol- 
oxidizing catalyst MME apart from the flow path of the 
cooling medium, the honeycomb tubes coated with alu- 
mina may be used for the catalyst carrier as descrit)ed 
in tiie modified selective oxidizing unit 200D of Rg. 20. 
As illustrated in another selective oxidizing unit 200F of 
Fig. 22. honeycombs HCO with a CO-oxidizing catalyst 
carried thereon are arranged on the circumferential por- 
tion of the selective oxidizing unit 200F whereas honey- 
combs HME witii a methanol-oxidizing catalyst carried 
tiiereon are arranged on the central portion of the selec- 
tive oxidizing unit 200F. In order to enable botii tiie hon- 
eycombs HCO with a CO-oxidizing catalyst carried 
thereon and honeycombs HME with a methanol-oxidiz- 
ing catalyst carried thereon to be exposed to tiie 
reformed gas, it is preferak>le to arrange gas diffusion 
plates OX of porous material on a plurality of positions 
in the selective oxkiizing unit 200F. 

^As illustrated in still another selective oxidizing unit 
200G of Fig. 23, which is a sixth modified example of 
tiie selective oxidizing unit 200. the structure of Fig. 19 
may be combined with the structure of Fig, 21 . Namely, 
while tiie mixing ratio of tiie metiianol-oxidizing catalyst 
MME to tiie CO-oxidizing catalyst MCO is varied suc- 
cessively, the methanol-oxidizing catalyst MME and the 
CO^xidizing catalyst MCO are an-anged respectively 
on the central portion and on the circumferential portion 
of the selective oxidizing unit 200G. This structure ena- 
bles both the methanol-oxidizing catalyst MME and the 
CO-oxidizing catalyst MCO to be adequately conti-olled 
to the respective ranges of active tenperature, even in 
the presence of a variation in loading or a variation in 
temperature of the reformed gas inti-oduced Into the 
selective oxidizing unit 200G. This structure can thus 
reduce the concentrations of methanol and cartx)n 
monoxide in the reformed gas with a high efficiency 

In the fuel cell system 10A of the third emkxxjiment. 
the oxidizing gas is supplied to the connection conduit 
36 via the induction pipe 39 to be mixed witti tiie 
reformed gas. As illusti-ated in still anotiier selective oxi- 
dizing unit 200 H of Fig. 24, which is a seventh modified 
example of the selective oxidizing unit 200. the oxidizing 
gas may be introduced into the inlet 200a and a plurality 
of other places in the selective oxidizing unit 200H via a 
manifold 230 having branch pipes 232 through 238. 
Since the oxidizing reactions of methanol and cart>on 
monoxide are exotiiermic and high temperatures are 
expected in tiie vicinity of the outiets of the oxidizing 
gas, it is preferable to arrange the methanol-oxidizing 
catalyst MME, which is activated at relatively high tem- 
peratures, in the vicinity of tiie outlets of the oxidizing 
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methanol concentration measuring means for 
measuring concentration of the methanol in the 
hydrogen>rich gas; 

carbon monoxide concentration measuring 
means for measuring concentration of the car- 
bon monoxide in the hydrogen-rich gas; ard 

oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced into the 
hydrogen-rich gas by said oxklizing gas intro- 
duction means, based on the concentration of 
the methanol in the hydrogen-rich gas meas- 
ured by said methanol concentration measur- 
ing means and the concentration of the cartoon 
monoxide in the hydrogen-rich gas measured 
by said carbon monoxide concentration meas- 
uring means. 

An apparatus for reducing concentration of caitx)n 
monoxide in a hydrogen-rich gas. which contains 
hydrogen, cartx)n monoxide, and methanol, 
wherein the carbon monoxide and methanol having 
lower concentrations the hydrogen, said apparatus 
comprising: 



gas and the CO-oxidizing catalyst MCO apart from the 
outlets of the oxidizing gas. This structure enaUes both 
the methanol-oxidizing catalyst MME and the CO-oxi- 
dizing catalyst MCO to be controlled to the adequate 
temperature ranges, thereby efficiently reducing the 5 
methanol concentration CM and the caxbon monoxide 
concentration CO of the reformed gas. The multi-stage 
irxiuction of oxidizing gas is not restricted to the 
arrangement that the methanol-oxidizing catalyst MME 
is near the outiets of the oxidizing gas and the CO-oxi- 10 
dizing catalyst MCO apart from the outiets, but may be 
applied to any other arrangement, for example, the 
homogeneous arrangement of Fig. 13, the separate 
arrangement of Fig. 1 8. and the varying arrangement of 
Fig. 19. 15 

In the structure of the third embodiment, any one of 
the selective oxidizing unit 200 and the modified selec- 
tive oxidizing units 200B through 200H is combined with 
the reformer unit 32. which reforms methanol and pro- 
duces a hydrogen-rich gas. The methanol oxidizing unit 20 3. 
200 reduces the concentrations of methanol and carbon 
monoxide in any hydrogen-rich gas containing methanol 
and carbon monoxide. The methanol oxidizing unit 200 
or any of its modifications 200B through 200H may 
accordingly be combined with any hydrogen-rich gas 2s 
supply mechanisms other than the reformer unit 32. 

The above embodiments are only illustrative and 
not restrictive in any sense. There may be many other 
modifications, alterations, and changes witiiout depart- 
ing from the scope or spirit of essential characteristics 30 
of the invention. The scope and spirit of the present 
invention are limited only by the terms of the appended 
claims. 

Claims 35 



1 . An apparatus for reducing concenti'ation of carbon 
monoxide in a hydrogen-rich gas. which contains 
hydrogen, carbon monoxide, and methanol, 
wherein the cartx)n monoxide and methanol having 40 
lower concentrations the hydrogen, said apparatus 
comprising: 



2. An apparatus in accordance with daim 1, said ss 
apparatus further comprising: 



oxidizing gas introduction means for introduc- 
ing an oxygen-containing oxidizing gas into the 
hydrogen-rich gas; and 

an oxidizing unit having an inlet and an outiet 
for the hydrogen-rich gas. and containing a 
methanol-oxidizing catalyst and a cart3on mon- 
oxide-oxidizing catalyst, the methanol-oxidizing 
catalyst accelerating oxidation of the metiianol 
in the hydrogen-rich gas by the oxidizing gas 
preferentially over oxidation of the hydrogen in 
the hydrogen-rich gas, the cari^on monoxide- 
oxidizing catalyst accelerating oxidation of the 
carbon monoxide in the hydrogen-rich gas by 
the oxidizing gas preferentially over hydrogen 
in the hydrogen-rich gas. 

An apparatijs in accordance with claim 3. wherein 
said methanol-oxidizing catalyst and said cartx)n 
monoxide-oxidizing catalyst are homogeneously 
mixed in said oxidizing unit. 

An apparatus in accordance with claim 4, said 
apparatus further comprising: 

cooling means having a circulation path, 
through which a cooling medium flows from 
proximity to the outiet to proximity to the inlet of 
said oxidizing unit, said cooling means cooling 
said oxidizing unit by tiie cooling medium. 

6. An apparatus in accordance with claim 3. wherein a 
ratio of said methanol-oxidizing catalyst and said 



oxidizing gas introduction means for introduc- 4. 
ing an oxygen-containing oxidizing gas into the 4s 
hydrogen-rich gas; and 

a preferential oxidizing unit containing a plati- 
num-ruthenium alloy catalyst for accelerating 5. 
oxidation of the carbon monoxide in the hydro- so 
gen-rich gas by tiie oxidizing gas preferentially 
over oxidation of tiie hydrogen in the hydrogen- 
rich gas. 
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carbon monoxide'Oxidizing catalyst is arranged in 
said oxidizing unit so that tlie ratio at proximity to 
the an inlet of the hydrogen-rich gas greater than a 
ratio of said methanol-oxidizing catalyst to said car- 
bon mortoxide-Qxidizing catalyst at an outlet of the 5 
hydrogen-rich gas. 

7. An apparatus in accordance with claim 4, said 
apparatus further comprising: 

10 

cooling means having a circulation path, 
through which a cooling medium flows from 
proximity to the outlet to proximity to the inlet of 
said oxidizing unit, said cooling means cooling 
said oxidizing unit by the cooling medium. 75 

8. An apparatus in accordance with claim 3, said 
apparatus further comprising: 

cooling means having a circulation path for a 20 
cooling medium, said cooling medium being 
circulated through said circulation path to cool 
said oxidizing unit, 

wherein a ratio of said methanol-oxidizing 2S 
catalyst and said cartoon monoxide-Qxidizing cata- 
lyst are an-anged in said oxidizing unit so that the 
ratio at a place in said oxidizing unit near said circu- 
lation path is greater than that at another place 
apart from said circulation path. 30 

9. An apparatus in accordance with claim 8. wherein 
said circulation path of said cooling means enables 
the cooling medium to flow from proximity to the 
outlet of said oxidizing unit to proximity to the inlet of 35 
the said oxidizing unit. 

10. An apparatus in accordance with claim 3. wherein 
said oxidizing gas introduction means comprises a 
plurality of fluid inlets penetrating into said oxidizing 40 
unit for Introducing the oxidizing gas into said oxi- 
dizing unit and wherein 

a ratio of said methanol-oxidizing catalyst and 
said cart>on monoxide-oxidizing catalyst are 45 
arranged in said oxidizing unit so that the ratio 
at a place in said oxidizing unit near said plural- 
ity of fluid inlets is greater than that at another 
place apart from said plurality of fluid inlets. 

so 

11. An apparatus in accordance with claims 3, said 
apparatus further comprising: 



cartx)n monoxide concentration measuring 
means for measuring concentration of the car- 
bon monoxide in the hydrogen-rich gas; and 

oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced into tiie 
hydrogen-rich gas by said oxidizing gas intro- 
duction means, based on the concentration of 
the methanol in the hydrogen-rich gas meas- 
ured by said methanol concemration measur- 
ing means and the concentration of the carbon 
monoxide in tfie hydrogen-rich gas measured 
by said cartx)n monoxide concentration meas- 
uring means. 

12. An apparatus for reducing concentration of metha- 
nol in a liydrogen-rich gas. which contains hydro- 
gen and methanol, wherein the methanol has lower 
concentration than flie hydrogen, said apparatus 
comprising: 

oxidizing gas introduction means for introduc- 
ing an oxygen-containing oxidizing gas into the 
hydrogen-rich gas; and 

a preferential oxidizing unit containing a cata- 
lyst for accelerating oxidation of the metfianol 
in the hydrogen-rich gas by the oxidizing gas 
preferentially over oxidation of the hydrogen in 
the hydrogen-rich gas. 

13. An apparatus in accordance with daim 12. wherein 
said catalyst includes ruthenium. 

14. An apparatus in accordance with claims 12, said 
apparatus further comprising: 

methanol concenti-ation measuring means for 
measuring concentration of the methanol in the 
hydrogen-rich gas; and 

oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced into the 
hydrogen-rich gas by said oxidizing gas intro- 
duction means, based on the concentration of 
the methanol in the hydrogen-rich gas meas- 
ured by said methanol concentration measur- 
ing means. 

15. A fuel reformer system for reforming methanol to a 
hydrogen-containing gaseous fuel, said fuel 
reformer system comprising: 

a refbrmer unit for producing a reformed gas 
from methanol, the reformed gas containing 
hydrogen, cartx>n monoxide and metiianol; 



methanol ooncerttration measuring means fbr 
measuring concentration of the methanol in the ss 
hydrpgen-rich gas; 
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oxidizing gas introduction means for Introduc- 
ing an oxygen-containing oxidizing gas into the 
reformed gas; and 

a preferential oxidizing unit containing a plati- 
num-ruthenium alloy catalyst for accelerating 
oxidation of the cartx>n monoxide in the 
reformed gas preferentially over oxidation of 
the hydrogen in the reformed gas. 

1 6. A fuel reformer system in accordance with claim 1 5, 
said fuel reformer system further comprising: 

methanol concentration measuring means for 
measuring concentration of methanol in the 
reformed gas: 
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cart>on monoxide concentration detection 
means for measuring concentration of carbon 
monoxide in the reformed gas: and so 



carbon monoxideKsddizing catalyst are homogene- 
ously mixed in said oxidizing unit. 

1 9. A fuel reformer system in accordance with daim 1 8. 
said fuel reformer system further comprising: 

cooling means having a circulation path, 
through which a cooling medium flows from 
proximity to the outlet to proximity to ttie inlet of 
said oxidizing unit, said cooling means cooling 
said oxidizing unit by the cooling medium. 

20. A fuel reformer system in accordance with daim 1 7, 
wherein a ratio of said methanol-oxidizing catalyst 
and said cartx>n monoxide-oxidizing catalyst is 
arranged in said oxidizing unit so that the ratio at 
proximity to the an inlet of the reformed gas greater 
than a ratio of said methanol-oxidizing catalyst to 
said carbon monoxide-oxidizing catalyst at an outlet 
of the reformed gas. 



oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced into the 
reformed gas by said oxidizing gas introduction 
means, based on the concentration of the 2s 
methanol in the reformed gas measured by 
said methanol concentration measuring means 
and the concentration of the carbon monoxide 
in the reformed gas measured by said carbon 
monoxide concentration measuring means. so 



17. A fuel reformer system for reforming methanol to a 
hydrogen-containing gaseous fuel, said fuel 
reformer system comprising: 

a reformer unit for producing a reformed gas 
from methanol, the reformed gas containing 
hydrogen, carbon monoxide and methanol: 

oxidizing gas introduction means for introduc- 
ing an oxygen-containing oxidizing gas into the 
reformed gas: and 

an oxidizing unit having an inlet and an outlet 
for the reformed gas. and containing a metha- 
nol-oxidizing catalyst and a carbon monoxide- 
oxidizing catalyst, the methanol-oxidizing cata- 
lyst accelerating oxidation of the methand in 
the reformed gas by the oxidizing gas preferen- 
tially over oxidation of the hydrogen in the 
reformed gas, the carbon monoxide-oxidizing 
catalyst accelerating oxidation of the carbon 
monoxide in the reformed gas by the oxidizing 
gas preferentially over hydrogen in the 
reformed gas. 

18. A fuel reformer system in accordance with claim 1 7. 
wherein said methanol-oxidizing catalyst and said 



21 . A fuel reformer system in accordance with daim 20. 
said fuel reformer system further comprising: 

cooling means having a circulation path, 
through which a cooling medium flows from 
proximity to the outlet to proximity to the inlet of 
said oxidizing unit, said cooling means cooling 
said oxidizing unit by the cooling medium. 

22. A fuel reformer system in accordance with daim 1 7, 
said fuel reformer system further comprising: 

cooling means having a circulation path for a 
cooling medium, said cooling medium being 
circulated through said circulation path to cool 
said oxidizing unit, 

wherein a ratio of said methanol-oxidizing 
catalyst and said carbon monoxide-oxidizing cata- 
lyst are arranged in said oxidizing unit so that the 
ratio at a place in said oxidizing unit near said circu- 
lation path is greater than that at another place 
apart from said drculation path. 

23. A fuel reformer system in accordance with daim 22, 
wherein said circulation path of said cooling means 
enables the cooling medium to flow from proximity 
to the outlet of said oxidizing unit to proximity to the 
inlet of the said oxidizing unit. 

24. A fuel reformer system in accordance with daim 1 7. 
wherein said oxidizing gas introduction means 
comprises a plurality of fluid inlets penetrating into 
said oxidizing unit for introdudng the oxidizing gas 
into said oxidizing unit, and wherein 

a ratio of said methanol-oxidizing catalyst and 
said cart>on monoxide-oxidizing catalyst are 
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arranged in said oxidizing unit so that the ratio 
at a place in said oxidizing unit near said plural- 
ity of fluid inlets is greater than that at another 
place apart from said plurality of fluid Inlets. 

5 

25. A fuel reformer system in accordance with claims 
17. said fuel reformer system further comprising: 

methanol concentration measuring means for 
measuring concentration of the methanol in the io 
reformed gas: 

cart)on monoxide concentration measuring 
means for measuring concentration of the car- 
bon monoxide in the reformed gas; and is 

oxidizing gas control means for controlling an 
amount of the oxidizing gas introduced Into the 
reformed gas by said oxidizing gas introduction 
means, based on the concentration of the 20 
methanol in the reformed gas measured by 
said methanol concentration measuring means 
and the concentration of the carbon monoxide 
in the reformed gas measured by said carbon 
monoxide concentration measuring means. 25 

26. A fuel reformer system for reforming methanol to a 
hydrogen-containing gaseous fuel, said fuel 
reformer system comprising: 

30 

a reformer unit for producing a reformed gas 
from methanol, the reformed gas containing 
hydrogen. cart)on monoxide and methanol; 

oxidizing gas introduction means for introduc- 35 
ing an oxygen-containing oxidizing gas into the 
reformed gas; and 

a preferential oxidizing unit containing a cata- 
lyst for accelerating oxidation of the methanol 40 
in tiie reformed gas by the oxidizing gas prefer- 
entially over oxidation of the hydrogen in tiie 
reformed gas. 

27. A fuel reformer system in accordance with claim 26, 45 
said fuel reformer system further comprising: 



28. A fuel reformer system in accordance with claim 26. 
said fu^ reformer system further comprising: 

cartx>n monoxide-preferential oxidizing unit for 
receiving the oxidizing gas and a methanol- 
poor concentration-reformed gas which has 
been preferentially oxidized in said methanol- 
preferential oxidizing unit, and oxidizing cartx3n 
monoxide in the methanol-poor concentration- 
reformed gas preferentially over hydrogen. 

29. A fuel reformer system in accordance with daim 28. 
said fuel reformer system further comprising: 

methanol concentration measuring means for 
measuring concentration of the methanol in the 
reformed gas; and 

first oxidizing gas control means for controlling 
an amount of the oxidizing gas introduced into 
the reformed gas by said oxidizing gas intro- 
duction means, based on the concentration of 
the metiianol in tiie reformed gas measured by 
said methanol concentration measuring 
means. 

cartx)n monoxide concentration measuring 
means for measuring concentration of cartx)n 
monoxide in the methanol-poor concentration- 
reformed gas; and 

second oxidizing gas control means for control- 
ling an amount of the oxidizing gas introduced 
into tiie mettiand-poor concentration-reformed 
gas in said cartoon monoxide-preferential oxi- 
dizing unit, based on the concentration of car- 
bon monoxide in the methanol-poor 
concentration-reformed gas measured by said 
carbon monoxide concentration measuring 
means. 

30. A fuel reformer system in accordance with claims 
26, wherein said catalyst includes ruthenium. 



methanol concentration measuring means for 
measuring concentration of the methanol in the 
reformed gas; and so 

oxidizing gas control means for controlling an 
amount of tiie oxidizing gas introduced into the 
reformed gas by said oxidizing gas introduction 
means, based on tiie concentration of the ss 
methanol in the reformed gas measured by 
said methanol concentration measuring 
means. 
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